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ABSTBACT 

Samples of the Self-Paced Physics course materials 
are presented in this collection for dissemination jnirposes. 
Descriptions are included of course objectives, characteristics* 
structures, and content. As a two-- sesik ester course of study for 
science and engineering sophomores, most topics are on a level 
ccanparable to that of classical physics by Halliday and Resnick. 
Passages of four college^level physics textbooks are used as reading 
assignments. In *he material development, emphases are placed on 
instructional ob;Jectives represented by core problems, an exposition 
through enabling and competence check problems, an iterative process 
of successive tryouts, and a self^instrttction theory with minimum 
tutorial support, contained in the whole set are 19 problems and 
$clutions books, 72 study guides* 25 videotapes* 2S talking books, 25 
illustrated texts, 12 quarterly diagnostic tests, r^edial problem 
sets, one student manual, two instructor's manuals for course and 
laboratory, three laboratory manuals, and one enrichment volume* The 
course has been used for three years at the U. St Haval Academy 
through an extensive trial*and^revision process. (Related documents 
are SB 01$ 066 * SE 016 OSS and ED 062 123 - SD 062 l2S.> (CC) 
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SELF^PACEO PHYSICS COURSE 

The Self-Paaed Physics Coui*&e is a tvo^-sean^Bter course in '^nlcul^xs- 
oriented, college-l^^.'^l physics, developed by the li^ York Lm^tit^te 
of Technology ^'ur the U.S. Naval Acadeaiy with funds provided by the 
U.S. Office oJ" Education^ Outstanding features of the course ia:- 
elude the iniagl native use of a variety of media and iTtaterials and 
the extensive use of branching a.txd Self-pacing to iJTtdividuaii^e 
instruction^ 

COURSE DESCBIPTXON 

The Self^Paced physiae CoUX^e ie designed to teach i:jtroductory 
college physics to sophomoro students of science and engiaeering- 
Among the topics coveared in the course are QiechanicH> vave phenom- 
ena# eieCtriclty, magnetic, and optics-^in short, most of the 
topics that vtjuld be found iu any introductory course in erlassical 

Sach student's path through tlie phyaics course is determined by his 
achievement of a set of meagura'ble 'behavioral objectives (MBO's) 
that have been designed for ttie course ► There are over a thousjand 
[^*s in two cfttegorieB: TO's or terminal objectives, vhlch des- 
cribe the degired final student tehavior, and EC's, or enabling 
objectives J vhich are steps toward the teiminsl behavior d^^sired. 
Branching for remediation or acceleration is built into the courae* 
so that the instruction received by any stutent fits his needs as 
precisely e^s possl^>l€. r^rther individuaiizatioTi is provided by 
the Self-pacing characteristic of the course. Each atudent can niove 
through the material at his ovn pace, ^ing on to the next topic 
when he is ready. Often he can choose the medium in vhich he wants 
to study. For examplej the setae topic may be covered by a video- 
tape ^ an illustrated text# ^nd a '^talking isook" (vhich consists <5f 
a tape cassette and a booklet containing the diagrams referred to 
in the tape)- The student can use the mode of instruction that is 
mast oomfortftble or most successful for him. 

FORMAT 

The Q^lf-Paoed Pl^siOB Coiatsb is divided into seventy-two Segments. 
3for eacn Segaent there is a reading assignment in one of the standard 
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textbookaj additional rea-ding^ ^ assigned as optiuna. All the 
practice and exercise materials are contained in a series of 
Problems and Solutions ljook,s> vltti three or more Segments to & 
book. Each Segoient contains Inforaatioti Panels, giving detailed 
information about the problems tlie studeJXt viXl encounter in that 
Segment. For each Seg?a&nt there is a Study Guide which contains 
the branching steps that determine the student's path through the 
course material anti giiree detailed instructions on hov to progress 
through the Segrasnt. In ad<iition> the student is frequently di- 
rected Icfy t^ha Study Ouide to work vlth audiovisual^ fiuch as video* 
tapes, talking books, or illustrated texts, Refciedial prDblejT.s 
are provided to supplemnt tha seventy-two Segments of the standard 
course. 

Two kinds of informal' diagnostic tests are used in the course. One 
is called a Progress Check, is adminiBtered after a specific 
numher of t>egmfints^ Progress Checks are used for diagnosis^ evalu* 
ation> and tutorial aasistance* The other informal test is called 
a periodic Diagnostic, This test form is used to diagnose possihle 
veak areas in the student^s wo'^k and to prescribe remedial vork if 
necessary^ 

Fonual midterm and final estaminations are used to measure mastery 
of the course uaaterial and to detennine the student's grade, 

MATERIALS 

The Self-^Pati^d Physics Course utilises a vr'^iety of instructional 
materials* including illustrated textrS* standard textbooks, talking 
books. Study Guides* and Manuals. Study Guides are prepared to 

pemit the use of latent-iaage pens, TTitt latent-iDia^ pen is a 
device designed to provide immediate feedhack to students studying 
independently. To nark hie ansver, the student rubs the pen over 
the response box he has chosen. If his answer is right, a check 
mark (/) appears iu ta^ l>ox, if it is vrong* an "X" appears. 
EranchitJ6 instructions are also revealed the latent-image pen, 
in accordance with the student's progress. The provision of 
iMtaediate feedback vithout the Intervention of the infitructor 



4 



great^ly irtc reaves the potential for iMlvi^aaalising instruction* 

A list of the materials used in the coitrse is presente^^ b^iov. 

iS Probl&m and Sol^^tione ixjoKs* conteinin^^ 
Segments 1-T2 of the courae 

T2 Study Guides (latent- iirta^e printed) for 
Segpients 1-7^ 

25 videotapes 

25 talking teoks, consisting of 25 tape 
casaettea and ^5 booklets of diagrams 

^5 illustrated t^^tis 

12 quarterly tiiagnastic tests 

remedial problems 

Student tertual 

Inetractor'$ Manuals (5) for Course sud Lab 

3 Latoratory Manuals, containing Lab 
gessions l-l5 

A volume of Problems and Solutions desl6^it,d for *?iarichmen,t of the 
standard course is also available^ 

The Setf-^Paped Ph^ai&s Cow^e hae been used for three years at the 
U,S* Havsl Acadeusy^t and has gon& through an extensive triai-axid- 
revision process, ^ 
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1, DESCRIPtlON OF THE COURSfi 

The aelf^-paceii physic^ course <iifterB tttm convei^tional cotLtsesf in 
a aumber of ways* It iargeiy student-managed progranwited Instructloir. 
fifost of your learning will b« derived frota r^&Ming carefully selected 
pa&s^es in excellent textbooks^ simplified written discussions oi: ths 
highlights of the various subject i^reas, and the use ot aw<Jiovlsual 
aids iti the form of video tapes, "talking books'', ^nd brief, r^e^ty 
illustrated paittphlecs calXeii Illustrate*! Texts* An instructor vill be 
available for tutorial assistance as i^ell as diagnoslSr of your ^ro^ress- 

Th« format of the course permits you to roonitot your performance 
and achievement by meaas of iwtanc feedback from the visual r<!S^ponse 
mechanism to b« described "^iater r 

In addition to s«lf-^paced thacretical instruction^ you vill ^Iso 
spend an a<jaqu.ite amount of time th« physics laboratory 4iid attend 
a deB^onstration-^lecture periodically. 

You vill alwfiys knmt In advajice when a check f)ui2 c^r an evaluation 
test is to be given* As a matter of fact, you will determine for your-- 

when progress checks will be administered to you^ in addition to 
other Periodic tests, a standard oiidtenn and fin^il ejcaittinatlon will be 
used to evaluate your achievement. 



2* CODP^E STRUCTURE 

As^ignsd treading - From standard textbookst ^^odad follova; 

BU T!te«ir-3 Halliday and Sesnickt PHYSICS fOR STUDEKTS OF 
SCIENCE ENGXflEERIUGt fifth ^iditlofit combined form; 

$Z means Sears and Zemanakyt OMIVERSm PHYSICS, thi.d 
editio^it coBipIete; 

AB means Albert Baez, THB NEW OOLITE PHYSICS - A S?mL 
A?PBOACH, first printing; 

SU means Sbortley arvd Williams, ELS^imS 01^ PllVStCSt fourth 

edition. 

The rec^uired or prime reading assignment for each Segment of the 
eoura^i will be identified by one or more asterisks before the chapter 
numbers^ The remaining reading Is to be considered supplementary. A 
typical reading asslgmnent and its interpretation will be pre^^nted as 
a sample later in tbts Manual, 
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For ^jtimum «ffcctiven«a»* ^ll assigned raaiiiE^ aho^ild he coiopleted 
before you he^tn work on the pro8r4«rae<i Imtniccton. This first read- 
ing nee4 nQt e^^XMBtive^ b^du$« it as^ticipatitd that you will returti 
to certain Actions of it ti« atid tltne ag^in you work through the 
Segment* 

Xfl/j(?m2ti<?n Ptmtfte - fro* your textboisk reading, wucti of 

yout fjictual atwJ proc&JuPal tnforoation *^ill couw from Iftfonaati^Jn Panels 
presented in the PEtOftLEMS AHD SOLUTIOUS Ijooklet for eath Se^ettt. These 
panels sre ctmciee discussions ralatiTtfg to the priiicis>l€^ and A^thodst of 
solution involved In tfce ecc«a43«tiyittg probleae. If you sh*mid tind that 
yoit do Bot fully uttd&ratdikd tbe materii&i the panel tot a Kiveit section 
of your writ* you woitlfd be escpected to return to the textbook as^igtiaent 
for olarif iceti^+ 

JbtdioifisuaU - Xh^jse ^re iaportent adjuntte to fo^^ readict& and 
problem solving* When you gte dl^*ecte^ to work vltb a apecified audio* 
visual* you vill uetually be given the option of ficlecttng one of three 
media of preeentdtlon. 

Video tape; a deraonat ration accowpaaled by a <il$cu5sioti that 
yov vleK. OP the screen of & finall video tape playback; 

Talking Book; e set of carefull^r constructed pitturea and 
diagrams eccompatiied by an audio tape lecturr^» 

Illustrated Text; a set of pictures similar Co those used for 
the Talking Book accompanied by a formal written discussion watched page 
by page to the lllustratloi^s. 

Fi*0ff3*&s& Checke - groups of relevant (^ueatione vhich you amat answar 
after con^X^tlng a specified number of Segments, usually three in a 
3e<{uence. these checks will be used for dia^ooeiSt prugress evaluation^ 
atui tutorial assistance should the latter be a&eded^ 

Periodic Dtagm^Hc^ - special test fortaa adminiatered pcrloiSicalXy 
to assist your instructor in diagno«ing possible weak areas in your 
learnioig pattern, and to enable hisn to prescribe rc^dlal work where 
requited- The Periodic Diagnostics will also be used to evaluate your 
achieventent - 

Mid'bem and Final ^camimidQm * standard examlnationa which pro- 
vide iaformatioa relative to your final grade* 

EnHefvnent Fctehage^ - for those students whose progress warrants 
additional} higher level material; to be a student option. 
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3. FKISTED hUmim MATERIALS 

?^0&LEJ5S AKD SOLUTIONS- (Hereafter refetred to as the PiSO This 
tst bcmd study m^it^rlaX cotitalnlng the work feir three or irore SegBient© 
in ^ volume. Th^ «ncir6 cciuris* consists of 45 Segments for the sen^scer. 
Tbe material in a given v^^lume will contain tjlue title sh«ecfi be- 
tween &egment9 to h^lp you find the one you want <jiiickly+ Each t^W 
cf^ntains! 

(a) A probJeifi aection in which tbft questions artd t^umericftl prob* 
are preseftte<i In strict numerical t>rder» to be wcitked on in st- 

(b) A solution sectiOTi in vhich th* corr^ t leiethodi? ot answering 
/questions and &£:^lvin|^ pr£:^bleiEfi Ate pre&ente^ in acrdmbled order. Many 

of th«se &olutl£:^n£ ^re ren&lndt^ by additional ''tnie-^f alae" <]uestlons to 
an9W^£$<J itmnedlately aftet you study the liidividtzal s^olution^, 

(c) Ii^fomatlon Panels fitrateglcatly interspcirsed throughotjt the 
^robl«m section. 

STOUY this is just what its naaie ii!q>lles: a written 

guide thait you nmst follow s tep*-by*-ste|>, strictly in the order presented, 
to wtk your way through the probleaitfif ittforas^tlon |»&nelfi^ ^udioviauals^ 
readii^, soltjtlons> and other check p^lnta^ Ttie remaitkder of thi^ 
Hautjai will be devoted to an explanation of the way in ^rhlch all these 
aapect? of yonr learning are related. 



4. HOM TO USE THE SWm GUIDE 

PXea$e refer to the sasiple study ^uide ^Ich id the last page of 
this booklet. It ifi a partial mock-up of a Segment that doesn^t 
reaXly eKlSt» Atid will be used for explanation pUi;)Dsea onXy, If you 
are to MMerstatid how the system works, if you are to avoid blutKlers 
whea w« $tart vork on your first actual Se^ent, you otuat walk through 
the following explanation without aliasing a step. Take y^ur tim&; be 
abaoluteiy certain you understand each maneuver perfectly^ If you ne^ 
help in interpretation) aak for it. 

Sefore yo« begin work on any SegBientt ascertain that you have the 
correct STUDY GUIDE by checkltjig the number near the upper rtsht-band 
corner* theti ccfsaplete the heading on each STUDt COIOE eh^et. 

Another preliiainary step: look at the bottom of the STLW GniDE 
eheet and Lote the number of pages you should have in, your ba&d^ Few 
$TU£)rV SHIMS contain more than two pages ^ Be: sure you havi^ what you 
need before you atart work. 
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The letter P ^bove the left column means *'Probiem Number ': the 
STEPS are also numbered to indicate the se^^uenc^ of things you must do 
other th&n ftroblem solviti^. 

All right. Let's go through the sample* 



Step 0,1 The reading assigaaienl; for the Segment. The required 

reading is In Halliday and Resnitik^ paragraphs ^9^3 
through 49-6 and paragraph 49-9. The glash-bar {/) 
always deans fro© oiifi paragrstph through the other, in-- 
elusive. The sui>pieiaentary reading ia in Seara and 
Z^nbansky^ paragraphe ^5-6> 45-7^ and 45-11. This read- 
ing should be gone through at least once bfiifore continu-- 
ing. 

Step 0.2 Wh^n you have finished your reading* tarn to the first 

page in the F^S for thist Segment. Read the I^form^ition 
l^anel* be sure you understaiid it fully* then contitiue* 

1^ This is the first problem in the P^tS. ^^ote the overscore 

and underscore lines. These Indicate that the problem 
is a core type* required of all gtudent£> in the course. 
You vill find this problem boxed for the same reason in 
the P&S. The problem you find in the P&S as number I 
is: 



How many gallons of regular gasoline could you have 

purchased with 5 ^lartian zilche^ In $eptinta$> Ohlt> 

in the year 19C0 and still have seine change left ov&r ? 



A. 1 

B. 2 

C. 3 

4 



Nov obviously, to solve this problem you vouid have to 
koow the price of gasoline per gallon in U,S, currency 
dttd also the equivalent buying power of a Martian zilch. 
Presumably* yoar reading and the Information Panel con-' 
tains this Information but let us suppose that you 
didn't do any of th^ reading and ao didn't Itnow the 
answer, So—youVe about to mke a wild guess, let*s 
say* answer A, At this point you rub the "reveal" 
crayon provided all over the inside of box A for the 
first quastion. As you do so, you will see an 5 
appear* showing that the selection was incorrettN 
it now; reveal ^he X in box A vith your crayon. (Best 
results are obtained by rubbing the crayon lightly over 
the £urface> then waiting a few moments for the re- 
vealed information to darken 0 
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Making a&cFther stab it, you chooee answer B and usia 
the crayon* bringing out another X- Tryittja C, you fintt 
tbat the crayon reveals the characters 25[a], Tbla 
telle you to turn to page 29^ item la] in the P&S where 
you tfill find the full explanation c£ the method used 
to solve the problem. For this core question, yOu will 
^l&o find a very short true-false question immediately 
after the correct solution. This question reads as 
follows: 

A Martiaii zilch the e<^uivalent af three U.$* 
nickfile* True or False? 

Ycnj mu^t nw ub^ the reveai crayon on either the X-hox 
or the P"box for question a. 

If you tftake the correct true-false selection, a / vill 
appear in the box. if you choose incorrectly, an X Witt 
appear in the box. The true-false questions are usually 
so simple that you will be permitted few* if any, errors 

this part cf the work. Getting one of these T*F*fi 
wron^ is a pretty $ure indication that you are not read- 
ing the solutions. Vou must avoids thi^;. 

Let^s go down to the next step. 

Step 1.1 YOn are nov being given an option. If your first choice 
was correct* you vill be permitted to B^ip over the next 
four questions and advance to the next infonoation Panel. 
If you answered incorrectly, even once, you mufit go 
through the remedial loop consisting of questions 2 
through 5. 

He are assttmi^ that you misaed gue&tion 1, so let's 
go through this loop together. 

2 FrobleM 2 in the F&S. It is not scored, hence It is 

not a core prOblen. It reads as follows r 

It is predicted that a gallon of regular gasoline 
will sell fot $1.05 by the year If this is 

roughly 3-1/2 tlmee the price of gasoline in 19^» 
how much did one gallon cost in 1960? 

This Is wt omltipie-cholce. It*« a completion type of 
question where you must write in the ansver. So> write 
your answer on the line below the rectangle for question 
2. The answer is, of course, 30« because 51.05 is 3-1/2 
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tijaes 30^' Aft«r writing it in^ reveal the atiswer in 
th« rectangle with the crayon; the answer 30c wiU 
appear accoiapanied uy the referral page and item^ 
Turning to the referral* you find the soluttoa worked 
out for you to ch^ck your wn thinltins, ?robieras that 
are not core types are not acctjapatiiei by true-false 
check questions^ so you're ready to go to question 3*. 

Let*s interrupt the sequence for a moment* Ev^n if 
you vere able to answer the origioaX core quedtion 
correctly the first tinie* yOU should 00 ih2-0U$h the 
t^medial loop anyDai^ if ifou have ayiy douht at all 
about the m^thcid of solution or* arw^iJi^^:*. You raay 
have guessed at the right answer, or you m^y bave made 
tw errors chat canceled cat^ Xn any casej. if you feei 
that your choice of the right answer vast a fluke in any 
vay» we urge you to go through the reiaedial loop. 

Problean 2 in the P^S; it is. not a cDre i^robX^, Here 



Ten Itairtian filches will buy exactly the same nuinber 
of 2-1/2 inch Macintosh apples in a given market on 
a given day as two U-S- dollars- Thus* one zlich is 
the e<[uivalent of 



A glance^ at the STUDY GUIDE corroborates the fact that 
this is another fltuXtlple-choice question* Apparently 
10 filches is the equivalent of $Z«00» one jtilch 
must be worth 20^. This is answer go if you u£;e the 
reveal crayon in box B you will bring oxit the instruction 
18IbI indicating that page 18, item Jh] in the P^S has 
the solution. Whether you vere right or wron^ Iti your 
iseXectlon^i. it Id lib^orta&t that you read and understand 
the solution. If you had chosen any ajost^er other than 

you vrould h^ve revealed an X as before^ There Is no 
true-'false question, hence yoti can now go on to question 
4. 

Here is your first modified true-false question; 

True or false? ^ive Martian silches will purchase 
mre Biilk than 20 U,S, dimes- 



It la: 



10^ 
60^ 
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Note the italicized word. Read the statement an<J (a) 
if y ou de cide it is true, simply crayon the T-bo^ on 
the Srmiflf GUIDE; <b) if: you feel that it U Uls^, 
write a word that can replace m^2*ie? and thereby m^k^ 
the statesaent true. After you have written the correc- 
tion word on the line under the P rectangle* then, atid 
only then» you are to reveal the smswer with the crayon. 
In this particular instance* the corr^sct answer is 
"false^' aiu^ you would write in the word "less" in place 
of more. Your reveal crayon will bring this out^ too. 
If you had selected "true" as your answer ^ the crayon 
would h&ve revealed an K inside the T^boxi^ So* after 
writing "less" you would see tevealedt "leas C21[dJ>-'' 
At this point in an actual lesson, you would turn to 
this page and item in the P&S and read it carefully be- 
fore continuing the 9©<luetiC€. 

Continuing ^ith the retii^dial loop: 

5 Another multiple choice question; 

In order to have filled your l8-gallon tank with 
gasoline in 196(> in Septimus* Ohio* you would have 
speDt at lea&t 

A. 13 zllches 

21 cliches 
C, 23 cliches 

27 zllcbea 

The correct answer is, of course ^ Z7 filches since each 
zilch is worth 20q and each gallon costs 30C> go you 
would reveal box D and fliwi inside the instruction 
*'27[b]/' After reading the solution* you again encounter 
a check T-P question which is then answered as before by 
revealing either the T or F box in question 5, An^y 
an^er other than D above would Have revealed an X just 
as described for the previous multiple-choice question. 

Step 5*1 Everyoce Is now expected to devote ^ceme time to the 
Infontiation Panel, "The Currency of Venus" and then 

Step 5.2 select tha taedium he wants for running through the audio- 

visual* COINAGE AMD BILLS OF THE INNER PLANETS. 

After that is finished » everyone starts cnce again on an 
equal footing with the core question J&. 

And ao forth. 
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luformatlon Patielt "The Currency 
of Mars'' 

A ft C D T f 

□ □□□ □□ 

If your first choice was correct* 
^advance to 5,1; if not^ cOTitinue 
sequence* 






Note: In this sample ^walk 
through", we have not: in^ 
cXuded the Information 
Panels nor any aet-'Up P & S. 
The (problems that would nor-- 
utally appear in the P ^ & 
are ^Iven in the Student 
Kanu^l for explanation pur- 
poses. 
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information Panels "The Currency 
of Vetiua" 












Audiovisual, COINAGE AND BILLS 
OF THE INIjER PiAHETS y ^ 
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I£ your ansver was correctj ad* 
vance to 9,1; if aot, continue 
vith sequencer 
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PREFACE 



This manual was prepared as a reference and guide for Iiistructors 
of th* Naval Academy Self.P^ced Physics Course. Additional orientation 
is provided by the Course Manager, 

Contained herein are: 

i • Notes to the Instructor, 

2. A descrlptton of the Management Sequence^ and 
3- A flow^chart which reflects a general overview of 
the operational functions of the course. 

It is suggested that the I^^tr^ictor familiari^ himself with the course 
materials and the following student *'hand^outs"- 

Course Policy 

The Student Manual 

Th9 Self- Paced Laboratory 



NOTES TO THE INSTRqCTOR OF 



SELF- PACiED PHYSICS 



1 , Introduction 

The methods aiwl op^raticjn of the self^^ paced physics cour^* may seem 
strange to aevtr instructors as well ae to the sttid^ftt**. This information 
is pre^eritcu to assist th* instructor lii developing his iiidividual cUss 
policies^ It is presumed you are famUiar with the St\ident Manual and 
Course Policy Statement. 

2. Objective 

The objective of the course is to enable each midshipman to complete the 
tasks defined by the Terminal Objectives (TOs). If you have not done »o 
previously^ you should read the TOs^ as they constitute the most accurate 
definition of course contents Because of the way the Problem/Solution 
books have been constructed, successful completion of all the core questions 
should cover all the TOs* Since &e core: questions were also designed to 
provide a path for fast etodents, they are frequently coniplex problems 
that combine elements of several TOs. Due to the limited time available 
for testing/ the body of TOs is sampled randomly diiVing Progress Checks 
and Diagnostic Tests* 



I. 



NOTgS TO THE INSTRqCTOR OT SELcF^ PACED ?^YSICS fContMJ 



3t. Class Atmosphere 

Thcsre constraints oit how yDu use cla;&£ time to jtiove the 

&tudent$ through the material I£ your cl&9£ size permits, you are ert* 
coura^ad to use Room ae your regular class room* Initially, a 
certain amount of encouragement may be needed to 9t«er th« mi^jshipinen 
to the various media* Vou should try as many of the me4ia as time 
permits yourself so you can recommend a particular Audiovicual if a 
n.idphipman i$ having trouble in a specific area* You may wieh to add 
additional demoiastratlDns or conduct small topical lectures occasionally. 
Comprehensive reviews prior to DiagnDetic Tests are frequently given* 

3. Student Progress 

One of the by products ot the course organisation i$ Uike early identifica* 
tion ot potential failures^ before they reach the Diagnostic Checks* TbU 
early identification can be done most effectively by careful screening of 
study gui<je responses and progress check responses* Hie individual 
prescription for assistance is in your hands, but the early identification 
of these individuals and the variety of materials available should provide 
you wifh considerable nexibility. 



NOTES TO THE INSTRUCTOK OF SELF- PACED PHYSICS (Cont'd) 



5t Areas of Concern 

a. Minimum Lecture . You, as well as some of yotir midship- 
men, may fcscl uncomfortable, initially, because you are not conducting 
lectures during most of the class time* Experience has shown tiiat most 
students adapt readily to the self^paced class routine wttfiln four to bix 
w^elcst You may choose to lecture frequently; however, you will probably 
have little time left to grade progress checks or counsel slow student?, 
except in ^11 (Ejttra-Instruction) Sessions* Another by-product of the 
course organissation is to move ^ substantial amount of student coun^eU 
ing and remedial work into the classroom, 

bt Student Pro^ress^ Beca^ise of the great amount of material 
Covered by the course, you will soon find students dropping well behind 
ttie average (or, from your view, a desirable) class progress* Your 
success In keeping the class moving wlU be limited only by your 
imagination. One reason for the apparently slow class progre&s may be 
confusion betweejci a very weak physics student atd a good student who 
chooses to '^pace" himself to the speed of slower classmates* Careful 
screening of ^tudy guide and progress check responses can usually 
sex>arate &e two* 



I* £Ach student ie issued one prime textboofc; evt least two oth«r 
sui>plementary t«3ds are at all times available in phyiicfi or in the 
library^ 

2, £atch student is isaued ^ Student Manual intended to supply 
the student with all the procedural information required- 

3* Course work begins with the issuance of Segment 1 of 
Problems and Solutions and the Study Guide for Qie same Segment* The 
Study Guide ia a latent image type on which sequencing itJonnation i& 
revealed by means of a special crayon* 

4- The Study Guide featuree are: 

(a) A reading assignment indicating prime reading and 
s^apptcmentary reading, both clearly identified* 

(b) Core problems identified by ecore lines over and 
under the problem number. 

Kemedial loop problems ('^enabling problems") ► 
The instructions for short-circuiting the loop^t or following themi are 
contained in the Study Guide for each individual set* 

<dj Titles and directions for laformation Panels con- 
tained in the Problems and Solutions* 



(e) Titles and directtone tot Audioviitials* These are 
available in three formats: 

(1) Video tapes; 
(Z) Talking Books; 
(3) lUufitrated Texts 

If) Homfwork a$Bignment> generally in the form of 
addititmat Problems in the prim* text* 

5* The t^cblems and Solutions features Stret 

{a) Section I; Problems and diagrams in numerical 

set^uence. 

fb) Core problems identified by enclosing each one in a 

box, 

(c) IiafoTrnatioaa Panels preceding core groups ♦ 

(d) Scrambled problem solutions; diroctiotis for reaching 
Solution is revealed onljr in the Study^ Guide when correct answer ts choeen- 

(e) Kach solution for core aid core* primed questions is 
followed by a true.fals^ question whoBe answer is derivable from the solution 
to which it pertains* These TF*s are answered in special bo:jted sections of 
the Study Guide, NOTE; £ach core problem which is answered incoprect. 
ly requires lhat the student follow ^e reixiedial or enabling loop which 



always concludes ^vUh «.ttothcr problem having the aame conceptual 
basis a$ the core problem initt^Uy misacid. Such probLeins are called 
*'cor j^prlmed* *' 

(f) The scrambUng pro<:efiS used for the ftolutiottst is 
extremely difficult to comprorri^e. The tutie required to short-circuit 
the reaportS* pattern Is expected to be too great to make it woriitwhiJc- 

The Progress Check, Thi^ is a form of te«t which follows 
ttnit oi work, usually three auccessive Segment*, The Progress Check 
is graded by the teacher. The performance of the atudentt is eva^aat^id 
and he U then guided into one of the chAnnela indicated below* To be 
eligible for the Progress Check, the student must submit to hii nettuctor,, 
all of the relevant revealed Study^ Guid^3 for that unit, 

{a) CTaing a predeterml^ned cut^olf grade, the student U 
given the *'go'^ signal if his performance ia above (hi* level. He Is aUo 
given a ^et of remedial suggestions in the form oi readtng, programmed 
m^iterial, film£, etc. 

(b) If his performance falls below the cut-off, he is given 
a "stop" signal with remediale, ::,fter which h« re-takes a Pi-ogrees Check, 
Ouej&tions on these rhecks will be randomiaed so that no two student* ever 
Uke exactly the 9ame examination^ nor does the same student take the 



same check on the second round. 

(c) If his p^i^formance {^lU b^l^w CMtJcfit on'the ristake, 
li€ VfiM given individual tutorial aasisUnCe and recjwired to take A 
fliird test, Difiposition the stvwirnt aft«r the third failure ^iU ^.eft 
to the chAirman o£ the physic? committee at the Academy^ 

7- Quarterly Diagnostic T«»ts* These teats will be CArt£;Uy 
genezrated to te^t for r^cogiiitidti and recall^ under fitaftctfag of concept^ 
ability to recogniate concepts which appear In problem*, and ability to 
solve prcblcmB- These teats will all be of the multiple choice variety, 
with * re»iK>ttse mechanism suitable for computer grading- One of the 
quarterly diagnostics wilt replace the mld^term exairdnatJ^on and the Ust 
of thern will be anJmini&tered about one weoJc before the standard final 
examination* 



8- At the end of each quarter the instructor will atubmit a 
diagnosis and recommendations based upon study guide responseat, 
performance on Progress Checks^ and quarter diagnostics. Possible 
re c Oilmen d at Ions include continuation of BequOnce^ repetition of specific 
segments^ further use of other program texts, additional tutorials, and 
dropping out* 
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T]>e Vocabulary of ^i^'^ ^ ^^ g ^^^lQ ^^^ <^ ^^ 



To ^icfinc aiKj interrelate -jcme of the basic tense used In dlscossing 
circular motion* 



As soon as yoy start this segraent* yo\i become Invoived with a few vords 
and pliras^cs th^t arc worth a brief discusstion. 

j;i:V01.UTlOK5 P^K HlHirTE (rcv/min) and REVOUTIONS PER SECOm (rev/sec). 
A particle completes a single revolution in 4 circle witen It mo^^s from 
^ny .arbitrary stjrtin)|^ pointy aronntl the circle^ an4 back to tbc^ ^amo 
point ready to st^irt a s&cond identical circular svocp. If it con^letes 
5 fitich rovoiytlons in one: minytej it i% SsaitJ to hnve a FRIi;<)UI:^^CY of S 
TL^v/jnin, It thi> tTcqucnty oi a ^iyan particles in circular iftotlon is 
12Q rcv/min, it niay also bo expressed as 2 rev/sec. 

TAiSCtOTIAL VELOCITY (v) . T5iis ie a vector quantity which expresses the 
insCantaneous spi:cd of tlic particle in *i direction tangctnt to the circle 
in vhich It moves. If the particle's speed is constants then the magni-^ 
tude of tUv tangential vDliK:ity i& constant but its direction is always 
clinn^^.in^;. The tant^entiftl velocity vector is a^lvays perpendicular to 
tlio Ttidltis of tlie circle of rotation. 

Pi:iU03> Ct). Hie period is the tiiae required to coiaplete on^ r«tvolution. 
If tlie frequency (f) of the motion is, say* 2 rev/sec^ then the period T 
in 1/2 sac. Clearly^ period and frequency are inversely related^ one 
heinj* the reciprocal of the other. 

T * 1/f or f » 1/T 

Period may be expref;f%ed in any convenient unit of tioK: while frequency 
is i^enoraliy expressed In reciprocal tinie units. T5iat is^ the fre- 
ijiicncy of the particle above is 2 sec**^. 

ANGULAR V1:;lOCITV Ctj) - "Jliis tiuantity is most convetiientlj^ expressed In 
radiand p(5r second (rad/sec), and is defined as the aa^le swept out 
by the radius vectof of the particles per unit tlme> Although angular 
velocity is a vector quantity* we wiil ooneider only the magnitude of 
the vector, expressed in rad/^oc* at this time* Suppose you were 
dealing with a particle which lias a period of i sec. This vould mean 
that the radius sweeps out 2v radians in 1 sec^ h^nce the angular 
velocity would be 2ii radians per second. If the period were half of 
that, that is, 1/2 sec» the motion would be twice as fast acid the 
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angular velocity then be 4it fudlana per second, Thws, pcrlo<3 and 

angular* velocity are related &s ioltow^^ 

And stnc« T l/f, then: 

DISTANCE MOVEL ^1 ]^ARX1CL£« The Instantaneous vslocity of a parttclifr in 
circular motion is related to the an^ul^r velocity by the expression: 

V ■ ojr 

vher<£ r Is the radluts. tf the particle has a condt^nt speed of 25 c^/sec 
on the circle, then the distance it moves in an interval oi time At Is: 

d »■ ^*^t 

wrAt, 

The distance moved in lO aec voul^ be. 250 cm. Should the angtilar velocity 
be known^ the tangential speed v may be readily obtalne^l frcv the expreaa- 
ion Itftinedlate?/ above, the radlua ir lausti of course, l>e glven> too. 

In the portion of the work th^t follows, you will be adked to {!) answer 
doGcrlptlve questions dealing vlth the vocabulary presented above; (2> 
solve nunwsrlcal probletn* itivolvinfi Utese terms and phr^^e?* 



PROBLEMS 



1* The rim of a rotating bicycle ^^eel has ft ta^tgeotlal velocity of 
30 m/aecp If 0«S m is the redlus of the rotatlojt wtteeli hoi^ many 
revolutlooa per minute (rev/mio) vould be recorded by a tedionseter? 
<A tacbonetcr la an instrument used to meaaure revolutions per mimjte*) 



INFORMATIOJt PANEL Character la ties of Uniform Circular Motion 



OSJECTIVE 



To discuss the significance of radial acceleration lo unifom circular 
motion. 
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Ti^e phrase ''uniform cirCulAr motion" describes ^ Sf^eCial case of 
circuldr motioTi In which the t>tirticle moves with constant speed, 
traversing equal lensths of arc In «qual tinrefi* Tiie magnitude of 
thG tangential velocity is coitstant but ^ts direction Crianges from 
instant to inst^t. 

Students tend to think of ficcel^ration in temts of changing apeed* 
relating it tc cars, plon^s^ or ships as they speed up or slow down, 
}:owevt^r, the definition of acceleration Includes changing direction 
as well as changing st^eed, A particle in uniform circular inotlon i» 
accelerating de&pite th<? fact that the particle Fioves with constant 
speed t 

TEie direction of the acceleration of a particle in uniforta circular 
tftQtion is radially im/ard and is called cmtHpetal aco&l&mtUm: 

« v^/ r In m/aec^, ft/sec^, etc* 

where v is the. tangertisl velocity and ^ the radius of the circle* 
Centripetal acceleration, like linear acceleration dlscuB^ed earlier, 
is a vector iquantlty* 

You aro expected to be able to apply the concept of centripetal eccel-" 
firstion to (1) answer descriptive questions in which it Ig involved^ 
iZ) solve probXefns in vhJch centripetal acceleration must be considered* 



2. A particle inove$ at constant speed In a circular p^th of radius r* 
Tlie particle makes one conflate revolution every second* Calculate 
the acceleration of th« particle if r « 0.5 tn^ 

A, 19.8 Wsec 

C. 10,8 m/sec^ 

D, 1,98 m/sGC^ 



3t When a particle moves in a circular path with constant speed, It 
is accelerating because the mOS^tude of its velocity is changing. 



^. "Unl£ort« circular awstion" refers to: 

A- any circular motion 

circular motion with tangential acoeleratlon 
C. circular motion without Rny acceleration 

circular motion with constant ap^e^ 
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5* Choos« the on0 correct atatfinient helou pertaining to ^ particle in 
vrilforrfl circular notion* 

A« Ceiatrlpetal acceleration Is directed radially outward from 
the cfinter of the circle of motion; thia acceleration arises 
frtJm the change In direction of tangential velocity^ but not 
from a chattge irt speed* 

Bt CfiTitrlpetal acceleration ±b dlr«ctBd radially inwar<i towar<i the 
ceritftr of the circle of motion; thla acceieratltai arlae^i 
from the change In direction of tanSentlal velocity^ but not 
fro33 a change in st^edi 

C, Cetitrlpatal acceleration Is dir&cted radially Invard toward 
the cetiter of the circle of motion; this flcceletatlon arises 
from the change in direction of tangential velocity* anid fro» 
a change in speed. 

Xt^ Centril^etal accal€ratlon is directed radially outward from 
tbe center of the circle of motion; this acceleration arlsea 
from the change in direction of tangential velocity^ and from 
a change in speed. 



6. The magnitude of acceleration for a particle undergoing uniform 
circular motion la v^/r* its this expresaionv r is the radius of the 
circle and ^ refers to 

At the itagnitude of the tangential velocity of the particle 
the rta^nitude of the outward velocity of the particle 
(radially outward) 

C* the fiagnltude of the iward velocity of the particle (radially 
Ir^^fard) 

D* the radial speed in the radial direction of the particle 



7* A particle of mass nt is moving in a horizontal circle of radius r 
and making f revalutiona per second. If the radlue is tripled and the 
free;ueEicy is doubled* find the ratio of centripetal decelerations Vhen 
the radium Is Increased froia r to ^r* 

A- 1/6 

1/12 
C. 1/3 
D* 2/3 



SECMEST b 



3 



Two biccks are lowere<i by a vlnch made t»f two concentric cyllnd^jrs. 
The *iBidni>ir cylinder hns a racjlus of 0*0A aiJuI the larger cylir^der 
has a ridiufl af I If the winch turns «it 3 rev/nln+ whet ar^fr th^ 
vL^rticil velaclties of block one and blo^ two <v, and v^)? 




jy FORHATION PAgg Cantrtpgtal Forcifr 



OBJECTIVE 

Tc dvpl> the concept of centripetal force to problen situations In 
unifcm circular notionp 



6 



SEGMENT 6 



You msy find this Xlne Qt reasoning Jielpftii In arriving at the correct 
concept of cetitrlpetal forc^: 

*If there Is no unbalanced force acting on a novlttg particle^ 
it will continue to move with constant fipeed in a straight Iliie: 

*A particle 1ft unlfom circular motion does not roove in a straight 
llOftt hence it must undergo acceleration; 

*Thl8 accelaration Is directed radlifclly Invard* hanc^ there t&u^t 
^ sn unbalanced force acting radially Invard; ve call this force the 
ceiittlpctal force F^,* 

*TKe maj^nitude of the centripetal force la given fayi 

F(, » uw^/r 

When you label a force aa "centripetal you are tfterely stating that 
It acta JLiivard toward the ceftter of rotation* but this name given no 
infonoatlon about the nature of the fcrce* Aor doe^ It tell anything 
about the body that la responsible for It* A centripetal force Is 
mt a new type of force but is ao called only bee ause the nante la 
descriptive of ita behavior* l^cr a stone vhlrled in a horizontal circle 
at the end of a atrlngt tl^e centripetal force is an elastic force pro* 
vided by the atrliig; for a aatalllte revolving around the Earth, the 
c$ntti{>eCal force is gravitational attraction: a charged particle 
circling vithln th«! "deea^ of a cyclotron is subjected to a magnetic 
CBEitripetal force; and so on« 

The problems you vlli encounter in this sectioft largely of the 
composite or asiltisCi?? variety in which centripetal force is but one 
link in the chain of reaeonlng. Before starting to work out such 
problems^ you are ur^sed to organize your matetidl In writing as follows: 

(1) Make a list of All the *'knouus" given in the problem state* 
t&ent in $yiiA»oIic form. For example* if you are told that 
the BOSS is 2 kg» the length 98 cmt and the angle 30^ <eee 
V 8), write 

Clyena n * 2 kg 

L » 98 cm " 0*H m 

(2) vtlt« down the "unknowns"* the <iuantlty you must ultiioately 
flndt agaift Ift ayiQbollc fono* Iti ? 8, the unknown is the 
period T 



Find; X (period) 
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(3) NexCg wrlc« fill the eqi;EftCiDns that appear to relfice these 
qudntieie^ to each >cher and use them to help you 

all eub£idiary unknctMS in term of the knMns* 

f4) Vou must fltidlly obtain cui «quacl<?ti In which only one unVnown 
remains before you can substitute numbers. 

In thl$ section^ yo« arc expected to (1) aoaJy*<t th« rdlscloRshlps 
between <luer\citie« Involvisd la d«9crlbing cenCtlpet^I forc«; it) 
solve ptoblem* In which centripetal force ifi th« cetjtral concept; 
(3) solve problems In u^lch centripetal forc« Is a £uhsldiaty consld* 
«ratlon, chat is* only on€ of a number oi ceticepta which must be 
Interrelated to solve the problent successf uliy« 



9< The figure ^om ^ mass n « 2 kg revolvl£)g In a horltoocal circle. 
The mai9a Is aufipendftd froia a strltig 9& cn ixv lengths Itte etociot) of 
the Alfrlng trAce« oi*t a cane- Xf th* Strltvg makft^ aa^gift of 30' with 
the vertical, how long doe» It take for the m^s to make one revolution? 




10, A body cf nut&s m revolves ^ circle of radius r vlth »f>e^ v. 
What is ihs ihflfiTiitutift the t^entripetal lorce, acting on the »a&»1 

A. - mv^/r^ 



II. A man made s&tGllite orbits the E^rth in a circular p&th of 
ra^luB r. the centrlf^etaX force and the force due to gravitational 
atcractXon acting on ti^ei satesllite ar<! 

A. tht i£$me force 
different forces 



n. A &oy «f>ins a 2^kg «Cofie in a horisottc^X circle «t the «tul of a 
siting, The strii^ is 2 m lotig, and has ^ ftidximuDt breakltiifis atr^ngth 
of lOO nt. K^^t is th^ omxisnum speed the stone may have without 
l^reaklog the string? 



13* At a caniiv«X, car? in the ''airplane ride*' ar« auspeifeded ftotn a 
cable 4^ feet long attached to a vertical ^ole which rotates at I 
radian per second. Fiod the angle 6 that the caMe taakea with Ehe 
hotltontal. ^ 



U. A copper penny is plac*«t 4 Inches froa the center of a hl*fi 
record. The record plus penny are then plac^ on a phonograph turn*' 
t^hle <33 l/j rev/mln) and the switch is turned on. The coefficient 
of static and kinetic friction ate O-I and 0.05 respectively- At 
u4)at angular velocity wiH the penny ^e^in to slide? 





15. A iBATt pl&TiA to p^Ttorm t^e loop* the*^ loop with his bicycle at C^e 
GOtuncy fair .^:e« the diagrosn belov). Th« radius r is equBl to 10 £t^ 
Vhat Is the %lnimun speed at which he can safely {>erfoirtn the jitui^t^^ 




A. depends on the Tiaa^s ma»« 

B. 12.2 mlAr 

C. 20 ft/sec 

D. 9.6 mi/hr 
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16, A bcbsle^l speeds arourul tb& curve ahowt^ In the figure below. The 
curv* haa been well Iced atid can be considered frlctlonlesa. The 
sled »ffv«s ia a circular arc of raaiua » 100 m and banking angle of 30'; 
witat 19 lEfi apeed? 




Curve view from the top 




ftebded on bankod curve 



n 



CORRECT ANSUER: FAL5E (change magnitude to direction) 

Speed hBB hem defined a$ the masnicude of the velocity vector; 
in this probleQt speed 1$ constant* Since the particle travels In 
a circle, the <iirection of the velocity Is Changing at a confitAAt 
rttt:c. One would Anticipate that the particle has a constant acceleration 
to itat constant change In direction* 



CX>aRECT ANSWER: A 

A - Aa the satellite circles the Earth* only One force pulls the 
^atellit^ in a circular orbit* Ihia force an attractive force that 
exiata between AEiy two masaea* Since the aatellite ttovea in a circle* 
thia force ntust e<}ual Mv^/r* 




CORRECT ANSWER: A 

A * The tangential velocity v is irelated to the radial acceleration a^ 
a^ * v^/r 
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SEGMENT 6 



CORRECT l-»5 e€Z 

Your reaSDtilit^ raay be soroethlng like this: 

i- In order to find the time tor one revolution of the ni^ss, you 
must knokf the velocity of the mass and the path length of 
one revolution* 

2, One revolution ifi Strr in length uhere r Is tha radlufi of the 
horlzofttal circle In which the Piass moves, 

3* The magnitude of the tangential velocity v can be found from 
its relationship to the Centripetal force, F^^ 

4- In order to determine this force, a free-body diagran la Itt 
order. 

f 




T (tension) 



mg 

5. Ttt^ only force acting In the tadidl direction Is T «in30* 
an^ thus this force must be equal to the centripetal force- 

«ow in 4<niatloti form* Zf^ ^ T cos30* - rafi - 0 (becaua« ay ' 0) 

T sln30* = rav^/r 

Solving for v we obtain 

V • /tg tan 30* 
and, of course, from the diagram, r * L sitiJO** 
Fliully, the time for onc tevolutlon would be 



(because the inass 
moves in a circle) 



sec 



velocity /rg t8n30 

TRUE OR mSE? Tt»« angle 6 In the free-body diagram U 30' for this 
problen. 



SEGMENT & 



CORRECT ANSWER: 573 rcv/mltt 

Th« diatance traveled in one revolution is equal to the circumference. 
or 2tr, ot the circle. This <!lscsnce divided hy the velocity wiiuld 
give us the clme ior on* revolution. The time for one revolution is 
ceiled the period and is given by the eynibol T. 

T • ~- - tltu per revolution 

You night also notice Ehat 

~ " revolutions/tlve - frequency H f 

which is the required quantity. 
W« have 

t • v/2TTr 
» 9*55 revolutlon»/sec 

This can be converced CO revoluclonfl per ^InuCe *fl follows: 

sec mia mia 

tlUFE OR FALSE? The period of a rocstlon increases as tha number of 
revolutions per minute Increases, 



CORRECT ANSWER: 2 

* The word centripetal" meAttB centeT^seekln^ or Eowat^ the centeir* 
The velocity of a particle In unlfora circular notion changes in dlrec* 
tlon, but the spaed (or magnitude) renalns constant* 



CORHECT ANSWER: D 

D - The case of a particle moving In a circle with conatent speed Is 
calle«i uni'oT-^ ircuXar motion. The velocity vector changes contln* 
uoutly in direct m but not in magnitude* 



14 
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[a] CORfi£CT ANSWER: B 

B - The most darngerooa part of the »cunt coirte ^.iheTi the man oft 
the bicycle is upside 4auu at the top of the loop. At that polttc 
he U most likely to leave the track, "Just about to leave the track" 
means that the notm^l force due to the surface of the track Is approach- 
iTig Jtero, Therefore, ve should solve for this extreifte condition to 
obtain our tnlnitnum safe speed. 

At the top point, traveling at a velocity v, the only force acting 
on the man Is hla weight. Thereforei ve obtain 

« -mg « ma 

This tella us the acceleration Is downward, in the radial direction, 
and e(5ual to chc acceleration of ^ravlty^ Then 

a * v^/r 

and 

V * /rg 

TRUE OR FALSE? The minimum perralaslble speed of the bicycle in a loop- 
the-loop situation i$ in<3ependent of the mass of bicycle and rider. 



[bl CORRECT ASSWER; B 

B - For A particle BiovlnE in a circle of radius r and fretjucncy f, the 
centripetal acceleration la $lven by 

a„ » — ■ iiJ^r » Air^f^r 
r r 

Let atr be the acceleration when the radlua la r and b^^t the accel- 
eration when the radius Is 3r. Therefore, 



nr 



ajr 4s2(2f)a(3r) 12 
TRUE OR FALSE? |n thla problem, a^ symbolises tangential acceleration. 



1 



15 



CORRECT ANSWER? 10 m/sec 

Some basic facts abaut circular motlotir 

1. Circular »t5ti*jii is alv^ys accelerated Taoclon* This 1b due to 
the fact that «Vdn if the B^eed is constant, there is a 
constantly changing direction. 

2. Trom hWtoa*s second law, ve know that acceleration linplles 
the prej&ence of a force, la a uniform circular motion, this 
force i» called centripetal fcrce* If the cantrlpetai force 
were not present, the chject would fly off at a tangent to 
the circle. Thus* the centripetal force is the force that 
holds th& object In a circular orbit* The magnitude of the 
forces can be found from the following: 

F = mv^/r 

vhere 

V - tangential velocity (speed) 
r • radius, and 
« * mass 

Most problciaa Involving unlfom cirtular wtlon require that the total 
forces which constrain a body to aove in a circle ^re equated to mv^/r* 

In the present problem* when F - 100 nt and r « 2 m, the speed of the 
stone is 

- 10 To/sec 



1 
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la] COItRECT ANSWER: 30 rev/nln 

The only force available for keeping the Iti a circular ?ath 

is th« force of friction (static). Let'^ solve for tha angular speed 

ac vhlch the gtatic frlctianal force would be maximum. 

Ify H - " 0 

vhere l8 the coefficient of static friction and 

a^ * radial acceleration ■ w^r 
Thc:refore^ 

Salving for w* we obtain 
Substitution of QutterlcdX valued ylelda 




1/3 



« " 3.1 rad/«ec 
Therefore, 

rWmm - 3.1 S X 60 « ^ - 30 rcv/»l„ 

Ihua the penny vlll slide off when the turntable attelfla the apeed of 
30 rev/ttin, 

THUE OR FALSE* The coefficient af kinetic friction must be used 1ft the 
aolutioft of this problem* 



1 
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[al COaRECr ANSWER; & 

B * One way to ch«£k the answer iB to check cbe diiDensions of th« anaver. 
Observe that the dlmenaiorts of your a»suer agree witb the dimensions 
lILfT^ of any force, whfere M ■ nissa, L ■ length, and T ■ tliM- In our 
problem t 

F » mv^/r, 

vhjLch haa ifittenaiona 

reducing to the dlmenslocia of force, Miyi^, 

RemeiDber that thia force Is alvays directed Cowards the center of the 
circle « 



[b] CORRECT AKSWER: 23.8 m/aec 

A free*body diagram of the sled in the curve vould indicate only tvo 

\ 




forc<a Acting on the aled, lh« normal force moat provide a compoiient 
to balance the veigbt atad a component to cauae the radial acceleration* 

ttext pu%^ 
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continued 

Z?^ * S co»30* - ing * 0 <from » 0) 

sin30* « nv^/r (ra<ilal force must e^iual mv^/r to 
maintain circular tttotion) 

Eliminate ^ and solve for v: 
V * •^rg tan30' 

Katice that tl*e ftta&s of aled and p^s«eT\ger« is not Import&nt, so th* 
1>6b*sle<i cour&e is properly hanked for people of all sizes. 



TRUE OR FAt^E? Th« vertical cOffiponent of the normal force N Is not 
equal in magnitude to the weight mg. 



[a) correct AiSS^T^?,: C 

C - In all problems on« should carefully d«cid« on three distinct 
questions: 

(a) What must I find? "Utiknowna*' 

(b) What Information has been ^ivan? "Knowns" 

(c) What equaticna dc I knou that r^Ute the ^'icnowns" to th« 
"unkowns*'? 

In this problem tot example, 

I) constant apeed radial accaieratlon (a^) 

2} circular path 

^) radius of circle 

4) time to travel od« revolution 

Since the £peed Is constant^ th« particle has only radial acceleration 
^lid no taasential cotaponent of acceleration. An equation relating 
some of these quantities la 

a J - v^/v 

Dfixt page 
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must determine the velocity^ v- 



Pofislbie Equation: v " 



&t-+£J At 



We kno^ that the particle travels one revolution in one Second* The 
distance traveled in one revolution la the circumference of the circle^ 
or i^r. Therefore^ 

V ■ ^l^grs 
I second 



Heoce 



taUE Olt FALSE? The distance traveled by a particle In making two 
complete revolutions Iti circular tnotiori la ^^r vhere r is the radius 
of rotation* 



( 



Ul comer ASSWESL; ■ 0*01256 m/sec^ v^ • 0*3U m/aftc 

The ropiis ytnvind at the Baiw speed with which the cyliodera turn; that 
18* their tangential velocltlee* Tangential velocity v la directly 
proportional to the radius t* Ae you ntLght recall* 

V « wr 

i*heire td - angular velocity in radiima/eefiond. 
In our prPblem^ 

red 



rev 
OJ ■ 3 X 


1 


pin ^ 


rev 


min 


60 


sec 


and 




^1 


■ wrj 


becomes 




^1 


■ 0*314 


Similarly 3 




^2 


■ wr2 


und g ;^ .^e4 




^2 





- 0-31A 



rad 
aec 



r ad 
aec 



9ec 



TKUE OR vAIjET In thia problemt the angular velocity of the smaller 
cyllnd*]ii Is exactly the same a£ the anftular velocity of the larger 

cylind^sr* 



ERIC 
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[fli CORRECT ANS^JER: 30* 

\}^in$ Newton's second I^wi the sutn the hcrlKoncal forced* tt^t Is 

IT^ ' T " ma (I) 

Since tht particle is moving in a clrcuUr path with conaCAnt 9pee<)» 
Che acceleration 4 Ifi ch« centripetal scceleracloit. Therefore^ eqtiatlcm 
(l) raay be written afi 

T coB^ ■ mu^r 
wh^re r is the radius of the circular pach. 



lERlC 




From Che diagram 

r » H ccsd 

Subsclcucion of r « Jt ecsd 1ft equation (I) yl^Ida 

T cose - M^lt^fH cos^ 

The Bum of the forcaa In the vertical dlrecciont EF^, la 

» T dine - mg ■ a 
or T sine * mg (3) 

Dividing equation (3) by eqtJAtlaa (2) we obtaltt 

alnd 



(2) 



Therefore « 



• 1/2 



TRUE Oft FALSE? The centripetal force actlftg on the carnival car i» 
the horizontal component of the tension in the atrlng* 



1 

1 

1 
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Work Done l>y a Constant Force 



To calculate th« work done l?y a constant forc«^ that * force ^ich 
varies neither In magnitude nor t^lrectlon* 



In the Sln^le&t situation* vbere the force applied to a body is constant 
in both direction and Bsagnittidi! where the resulting motion occurs in 
ft straight line» we define v^rH as the product of the oogoltude of the 
force and th<f displacement ot th« p^rtitle urn vhich the force acts* 

Since force and displacement 9re both vectors^ care must be taken to 
uae a consistent system of symbols* tn our work we vill continue to use 
t for the position vector. Displacement vill be designated }r t so 
that a particle moving fron position to will undergo a displace*- 
ment of Ar s s ** f ^ - Ipp Thus* with this convention, df 5 and the 
two differentials nay be used interchangeably although dt will be the 
preferred form* 

the work. U doue by a constant force T acting on a body which moves 
through a displacesteat t is ' f^B « Fs cosd in which 6 is the angle 
between the two vectors, 

tf we designate the conponeitt of the force In the a'-direction as F^, 
then 



tn working through the problems dealiitg with the work done by a constant 
force* you will be expected to 

(a) Justify the conclusion that the work <lone by cef^tripetal 

, force on a particle t&ovittg uniformly in a circle is %ero; 

(b) calculate the work done on a given vasa when moved up an 
inEiline by a given diatancei 



Fg * P coa6 



and so 



(c) find the work doae on a given taaaa when lifted vertically 
over a given distance. 



SEGMENT ? 



\ 

\ I. A 2"-^^ particle la moving in a circle vl:h an lingular velocity of 

! iO r>i^/eD<:- Xh« diiUTket«r of the circle is 1 How (nuch vork :s done 

j c-p the parciclfi by c)j« centripetal fore* during one revoiutlop? 

i 

j A. j * 



2. 


A 'navinig a mas? of 2 slugs 




Is uiofved up a 30* f rlctlonle^s 




ii^cllfted pl&ne for a distw\<;« of 




15 fc. Calculate che voric dana 




on th€ safe^ 













3. A bock of mass a Is llfred a varclc^l distance y near the «urfa<:« 
of tha Eartft. Which of che falle>vlng eKptessiona gives t\e vork done on 
the book? 



8f my 

C. a/2>mgy 
0, m(&y 




tHTORMATION PAKEt 



Work Pone by a Varying Force 



ORJECtlVE 

To calculate the vork done by ^ force thdt varies In a knovn manner* 



Th^e focce that cft\i3M dlsplacee^eivt of a partialis often cbanges 
raagnltude and/or direction from instant Inj&cant in a mathematically 
predictable vay* For example* the magnitude cf a forc« la often a 
function of the displacement cf the particle to which the force Is 
applied: as a d|»rltig Is stretched or compreased* the forc« needed to 
product «ach successive Increment of displacement becoiBe^ larger as the 
end of the spring moves farther from Ita rest position. In this case* 
the work done is tto longer a slnple product of force and displacement. 

WTien the force varies In ma^nltud^* or when the force and displacement 
are not la the Bome dlrectlcn* the vork don^ 1£ Riven by 



3 
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In the j^raph of 7^ vs it can be seen thot tlie v<jrk due to a displace-^ 
merit froffi 3i to is the area UTider the curve between the end points 
9. ^nd s^. 




You will find the problems in this section require that you be dble to 

(^) calculate work when the force is given a function of 
dlsplaceiztent (In equation fonn); 

(b) calculate woric uhen the dependence of force on displacement 
shown In the form of i graph; 

(c) calculate voric in che apecial caaes when the force ia a simple 
restoring f&rce* or a gravitational force near the Earth's 
Surface. 
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5. A mass m * 2 kg moves in the direction of an applied force varying 
with displacement accorJin^ tc the equation 

vher. 0*5 m/«ec^, f » 15 m'^ec"^, and x is the diaplacenient* Find 
the work done on the mass during the first 2 m of its journey. 



A- 260 j 
B. 130 j 

c. 100 i 

20 j 




The gr^ph shows th£ depen-'^ 
dence of on the displace-* 
ment e. It is fotind th«t 
the vork done front » 0 m 
to S2 « 90 m is «i}ual to 
450 j. Find the maximum 
v^alue of F^. 



40 



20 



0 10 20 

S iinm) 



The diagram shows the linear 
dependence of on the 
displacement 8< Cotopute 
the ^ount of work done 



l>etveen 
20 



" 10 *a and 5* * 
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8* A mass m » 2 kg fliov^s in the dlrectioni of an applied force varying 
vlth displacement « ^iccordtng to che equation 

F = tn(ax + b)^ 

where s « 1.0 in""^ ^^sec^' , and b » 2,0 m^^^seti"^. Find the work done 
on the mass during the first 3.0 m of itg Journey. 

A. 130 j 
3. 110 j 

0. 78 j 



INFORMATIpSf PAMEL Alftebralc Slfens In Work Problems 



OBJECTIVE 

To reco^nl2e that work may be designated as either positive or negative 
an<l to use the accepted sign convention In solving problems that call 
for it. 



It is convenient to afislgn an algebraic sign to vorlc wnJer certain 
conditlcms. Fundatnentallyj ttie si&n in<licat€3 which *'body" actually 
dues the work. 

Suppose we are trying to find the work done by a body A on body B 
and It happens that body B is actually doing the work on body A. Then 
as far bs our original assumption is concerned, that is, that body A 
is doing the vork on body B» ve woxild have to say that the work 
Is 5 negative quantity. 

By convention, the work done by a physical system on its environm^t 
Is taken as positive. If the work coraes out nef^ativei then ve know 
that the environment had done work on the syaUeiD rather than the other 
way around. In problem 9 that follows^ the system consists of a 
spriftfi resting on a frlctionless table vlth one end of the spring fixed 
in position; the "environment*^ in this problem Is a S-kg mass. As 
yow work through th^ problem, the need for the sign convention will 
become apparent. 



next patJe 
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continue 

A spring is said tc? obey Hookers 
law If the iori^e necessary to 
stretch or compress the ep^'ing 
is ciirectiy proportional to che 
amount of Btretcblng or corapres- 
siofi. Vithln llmltstj most 
springs obey ^looke'^ Liw, 

If the equilibrium position 
of the free end of a spring 
Is x^, tbe force necessary 
to stretch the spring to ^ 
Tietw position X Is aiven by 

- Et(x - x^> 

vhere k is the force constant of the aprlng. In accord with our conven^ 
tloHj the work done by the spring on Its environment la positive, 

trcm ^evton*s third laVi the force of the spring on the block is 

or, written in scalar forra^ 

F » -k(x - x^) 

In working through the following prcblems^ it Is anticipated that you 
will be capable of 

recognizing that the magnitude of the force at any Instant 
dep^ds on the displacement of the body; 

(b> computing the work done on the syeteffi or by the aystc^m, 
depending on the algebraic sign of the final answer. 



9. A 5-kg block is attached to the fipriiig shown in the diagrem at the 
top of the page* The spring* when unstretched* haa a length of 0.15 m 
(including the block) * and its force constant k is equal to 2000 nt/n. 
Compute the vork ^Jone in moving the blOi^k from x^ * 0,iO w to » 
0.25 

A. -750 j 

C. -7.5 j 
l>- -52.5 1 




X 
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Unit Syst^s for Work, afld Power 



OBJECTIVE 

To solve problems In work atrd power using con&ldtent units throughout 
the solutions. 



For your convenience: , have Hated the Power and work units ConnBonly 
used Itt the three systems vlth which we rfeal In thla coarse- 



watt (w> or Joule 
per second (Usee) 



foot-pound per second 
(ft-lb/sec> 
foot-pound per minute 
(ft-lb/mln) 

erg per second 
(erg/ sec) 

horsepower <hp> 



MKS " joule (j) or 

tiewton-meter 
(nt-m) 

British foot*poard 
(ft*lb> 



CCS erg or dyne- 

centimeter 

Ml9c* British thermal 

unit fBtii) 

kllowatt*ho«r 
(kw-hr> 



Useful Conyer&lfing 

1 wfttt-sec » 1 Joule ■ 1 nt-m 
1 ftrg « 1 dyne'-cm » 10'^ 3 

1 hp - 550 ft-lb/sec » 33,000 ft-3.b/miti » 746 w 
1 kv-hr « 3*6 * lo^ j 
1 Btu ' 77S ft-^lb 

The quefitlDns and probleuifi in thia section re<iuire that you be able to 

(a) usa the relatlonahlp P » In numerical ^nd symbolic vorki 

(b) find the instantaneous pewer supplied by an oflclllsting 
spring at a given dlsftlace»ieDt; 

(c) combine uork« power and friction concepts in numerical 
applications* 



1 

1 



9 



lOi An eficalacor* iTiLlin<gid at 37** from the hOri£:OTital« has a n^otor chat 
cm deliver a maKimum pocer of 10 hp. If the escalator is ntovtrtg vith 
a conatatit speed of 2 ft/sec* what is the inaxl:nujrL ttumber of passengers* 
with an average vreight of 150 lb* that the e^icalacor can handle? 
(Jfcplcct frlctional losses.) 

A, 30 

IS 

li. 31 



11. 



— i ^ — r 

X, Xq X2 



A mass in attached to a 
SprlDg with force constant 
k is oscillating back and 
forth between poiiits 
amJ ^2 on a frictionless 
horizontal table. What 
is the instantaneous 
power supplied by the 
spring at the instant the 
mass passes through the 
jildpoint x^? (In the 
followingj V is the speed 
of the mass at the moment 
it passes thrctigh point 



A. 
C. 



k(x^ - 
k<X2 - 
zero 



x, )v 
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12. A c£>T)5tdnt h£)rl2ontal force of magriltude T Is required In order 
slide a bloclc <m a horizontal floor with a constant apeef? of 

5 m/sec. The coefficient of kinetic friction between the block and the 
floor Is^ ^'2, How much power inust be supplied by the agency responsible 
for the force F? 



13* A ZSOO-lb car maintains a c^instant speed of 60 mi/hr yp a road 
incliT^ed at ^0^ from the ht^rizo^ital . Assume that frlctiorial forces 
can be neglected^ How much power does the engine of the car develop? 



14. An escalator* inclitted at 37* from tl*e horiaontal, has a nbotor 
that can deliver a tiaximum power of 5 hp» If the escalator is moving 
with a constant speed of 1 ft/sec^ what is the nstxlmiJtn dumber of 
pasgengerSt with an a^verage weight of 150 lb» that the escalator can 
handle? (Neglect frictional los&es.) 



A, 18 

30 

C, 31 

D, Al 



WJOWATJ^^m , . Ml^ tf, Kinetic Energy 



OBJECTIVE 

To apply tha definition cf kinetic energy to descriptive questions; 
to solve numerical problems involving kinetic energy only. 



The kinetic energy of a moving mass is defined as its ability to do 
vorSt by virtue of its motion. Energy of any Jtind is a scalar quantity* 
kinetic energy K is determined for any given body by the relationship 

K * 1/2 

in which m the maas of the body and v » the magnitude of its Velocity* 
or its speed, 

next page 
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coat i nil etS 

A m^ss moving with constant speett has a constant kinetic energy* 
The ltln**tic ^^^ftr&y of a laaas moving with clmngin^ speed vari^ from 
Instanc to Instant* tience the inatautaneous kinetic energy Is a function 
of the Instantaneous speed at th^ moment ia question. 

As a check on ycur under »tai»ding of kinetic energy^ you ntust he able co 

(a) solve a problem Involving the kinetic ^n^rgy of a projectile 
at the highest point of its trajectory; 

(b) determine the kinetic energy of a given thwlt^g mass* glvlTtg 
attention to unitsi their Conversion* and their cottsietency. 



15i A ^-^kg particle is projected from ground level with an initial 
v*ilocity of 20 m/seCj at 60" above the horizontal. 7iT*d the kinetic 
energy pf the particle uhen it reaches its highest altitude; i.e.* 
vrhere the vertical component of the velocity is zero* (Seglect air 
resistaace, ) 



16, A 3000-lb car is utoving with a speed of 60 al/hr* Find its 
klTietic energy. 



17, The kinetic energy of a 2'«-kg projectile at the highest point in 
its trajectory la 2S joulea. It la known that the projectile was fired 
at an angle of ^0^ from the horlzoittal. Find the iititial apeed of the 
projectile* 
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ISFOBMATIOK PANEt The Work-Enerjay Theorem 



OBJECTIVE 

To define the work*energj' thftoresnV to use the theorem for solving 
symbolic and ntio^rical probXertiSp 



The work*e&erfiy theorem for & paxticle ^tdtes that the work done by the 
x*e6ultant forcd applied to a particle 19 e^ual to the change la the 
kinetic energy of the particle. Or 

Wjt - K - « AK 

wherein » the wrk due to the resultant forceJ K = the kinetic energy 
ot the PsTtide after the work had b^en done; Ko ■ the Inltlal-^klnetlc 
energy before Application of the resultant force. 

The follotfiiig c«n be deduced from the wrk-energy theorem; 

1. For a particle moving with constant speed* there Is no change 
of kinetic energy, hence the i^ork ^one by the resultant force 1^ eero. 

2. The speed of the paitltR along a sivetk line notitm c^^n 
cbang^ only when the resultant force has a component along that llne^ 

3- Xf the kinetic energy of a particle diminishes, the vcrk done 
by the resultant force is ne^atilfe* if the kinetic energy Increases* 
thft work is positive* 

4, The kloetlc energy of a mass In t^tlon equals the ^rk it can 
do before It is brought to rest. 

3. The units used for work and kinetic energy are identical. 
The following problems call for the ability to 

(a) solve a probl^ In kinematics by means of the work^energy 
theorems } 

(b) fiolve a problem Involving a projectile fired at an angle to 
the horizontal in vhich you are to detenalne Its kinetic energy upon 
returning to earth! 

(c) determine the work required co double the spe^d of ^ given 
particle; 

(d) uae the vork-energy theorem In calculating the force acting 
on a body* given the factors needed to find Ita kinetic energy before 
and after the force has acted. 
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ISt A block Is i^roj^cced vlth an Initial speed of m^ser, down a 
frlctlonless plaite Inclined from the hcirlzDntal. Find the speed 
of the block after it h^s traveled for a distance of J. 6 m along the 
Incline. (Use the work-^energy theorem In your solution.^ 



velocity V. The force is then removed* How much work Is done on the 
object? 

A. Fv 

C, (F2/2m)t2 
Fvt 



20. A j^rtlcle of natfs m Is moving with a speed v. How mach work must 
be done on the particle In order to double Its speed? 

A, (1^2)mv^ 
nv^ 

C. (3/2)ttv2 



21* A 2-kg sphere 1» projected with an Initial velocity of 10 n/sec, 
at 39.3* above tm horizontal^ front the ground level of a horizontal 
field. What iB the Bphere'B kinetic energy at the ine^tant It hits 
the ground? (Kleglect air resistances) 



22. A hullet having a weight of 1 oZf Kiovlr^ with a speed of 600 mi/hrt 
penetrates a tree trunk to a d^pth of U Inches before coolttg to t^st* 
Calculate the average force exerted on the bullet* 




A. 



296 j 
256 j 
196 j 
100 j 
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23* A block is projected upward on & frlccionless lncllne<J plane with 
an Initial ©peed of 10 n/aec. The pUne Is Ittcllned at 45' frora the 
hfirl^ontal. Find the speetl of the block after It has traveled a 
distance of 2.6 m alOEig tlie incline. 



INPORMATIQM FAKEL Cooapcslte Probleas In^?olvlnft Work and £nergy 



OBJECTIVE 

To combine th« concepts of work and energy vlth other klnettatXc and 
dynamic aspects of physics In solving composite problenia. 



Vou have been made aware of the necessity for organizing your vork 
before you begin to substitute numbers In e^^uatlotts dealliig vich 
composite problems* All the rules previously described — Itemiaatlon 
t)f the knowns and unknowns* and writing down the Interrelating equa-^ 
tlotis-^^apply equally well to this section of your work- 

The remaining problems in this segment are such composite problems, 
in working these out, you are expected to use the vork^energy theorem 
In Solving Problems which require that you 

(j)) first use Mevton^s second law to calculate an unknown force 
and then apply the theorem; 

(b) make use of the concepts of friction on an Inclined plane to 
find the speed cf a block on the plane after It has traveled 
a specified distance under the action of a coi^stant force* 

(c) calculate the speed acquired by a mass ae the result of the 
decompress lott of a spring. 
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24* A 30-gm b\ill(!tt fired with a speed of 300 fli/sftc» ^asa«5 through a 
telephone pole 30 ca In dlata^ter a point 2 m above ground. The 
buHct^s path through the ptsl& is horizontal and along a diameter. 
While In the pole the bullet ex|j«riences an average force of 2500 nt- 
If air resistance Is ne^leccedi at what horizontal dl3:ance from th^i 
pole will the bullet hit the ground? 



23. A block weighing 16 lb la> Initially at rest. It Is made to move 
through a distance o£ 100 ft In 10 aec by a constant .orce. ^1^ hw 
much vork must have been done* 



26. A lOO-gm rubber ball is held at the hottom of a barrel full of 
water and then rele^^aed. While rlalta^ to the surface^ the ball expe^ 
rlences an average upward force of 490 dynes <thls ^\mludeG th« 
weight of the boll)* The barrel 1$ 1000. cm hlgti- Find the mdxiimjm 
distance through which the ball will rise abo^.e the barrel* 



27, A constant horizontal force of magnitude 120 nt, Is used to 

move a lO^kg block 
up a plane Inclined 
at 37* from the 
horizontal * If the 
block starts ^^om 
rest, and the 
coefficient ot 
kinetic friction 
between the block 
and the plane Is 
0.200, what is the 
«peed of the block 
after It has 
traveled 10 m alang 
the plane? 



A. 6-56 in/aec 

B. 9*35 i^/aec 
Ct 12.8 m/sec 
0. 3,76 fit/see 
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SECHESt 7 



2S. A block Is held 3t point A on a horizontal fJLcJor, vlth a 

compressed 9j»rlng |>laced 
between Che block and a 
vall but not atCdched to 
the block, the flc>or 
Surface to tb« ti^ht of E 
^ is frlccionless. The 

i^WTj coefficient of kinetic 

^JvnA,v(i%Wwg^^ " - — frlctxon butvcen the 

' * Surface to the left of B 

* * C fln<J the block i« 0-25* 

the aprlna bas a force 
constant of 573 nt/m, and 
It 1& compressed to a 
Ungth 20 cm shorter than 
Its normal length. The distance ftotn A to C is 1 and B Is midway 
between A and C. If the block isi suddenly released » what will b« 
Ita sp^ed when It goes past |H>lnt C? 

A* ^«5d m/ S6C 

B, 3»00TO/aec 

C. ^*IZ m/sec 
3,16 wi/sec 



29. A constant horizontal force of magnitude 
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120 nt^ i« used to 
move fi iO*kg block 
up & plane Inclined 
at 37* from the 
hoTlsontal. If the 
block starts ftrcm 
r^st , and the 
coefficient of 
kinetic frlctioo 
bet^fow the blc^ck 
and th^ plan^ l£ 
0.200, hw far has 
the block traveled 
along *:he plane when 
Itse speed la 2,1 m/sec? 

A* 3*1 m 

B. 4,1 m 

C* 5,} m 

6*1 m 



[a] C<mECr ANSWER: 10 nt 

The vork done Is equal to the area of the triangle In the figure. The 
area of a trian|;l^ is given by (l/2){base) ^ (height). 



W « i bh* and h * 2H/b. 



But the height h^re is the desired Tnaxlfliuin. Hence* 

. V 2W Z ^ 450 
(tnax) * ^ — go * 10 



tb] CORRECT AKSWERt D 

D ~ The only for^e ^tlng en the particle is that of gravity* directed 
along the negative y-axis. Since, however, the net vevti^l displaee* 
ment of the Bph^i^e^ at the point it hit$ the groundt is zerOs the net 
work dotte by the force of gravity ie aero and, therefore, AK ■ 0. Thu», 

* Ki * {l/2)iiiv^^ - (1/2) ^ 2 ^ (10)^ * 100 j 



[c] CORRECT ASS^ERi D 
B - Civen thaC 

F * ift(ax + b)2 
the work done is expiresded by 



f*dtmmj (ax + b) 

ft 
(a 



dx 



V + 2abx + b^) dx 

3 2 
- m(a^ J + 2Ab I + b^x) 

2^t - 0 and ■ 3, to obtain 
V 78 j 

WJt OR FAtSE? The solation of this problete as^uines the applied forte 
to be constant over the entire* interval from Xj * 0 to x^ » 3. 
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SEGMENT 7 



taj CORRECT ANSWER: 128 tn 



Rir 



Wc use the work*€ner^y theorem to find the* sp€^ of the bullet trhen It 
ccHneB out of the pole, (^ote that the force is opposite to the Uirec- 
tion of motion.) 



3^ ^.2 i 



2 "^o 



or 



and 



utv 



2 = i 



CD 



Thft bullet cotees out of the pole horizontally, ao * 0, Alao the 
final y * 0, from ^ 



<3y 2 

ve fltuj the time It takes the bullet to hit the ground 



t * 




(2) 



Finally, since there i9 no acceleration in the x-dlrectlon. 



(3) 



noxt page 
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continued 

In equation {3)t is the speed f<jund in (1) and t is the time found 
In (2); thust 



ta g 

Substituting the given data In (^) we find 



V 



(2700 > 1500) ^ ^ 



TRUE OR FALSE? After passing through th« pole* the trajectory o£ the 
bullet is parabolic. 



aj CORRECT ANSWER! D 

D * The work done fey a. fcrc« f in moving a body through a dtsplacment 
ds has been defined as 

dW » F*ds (1) 

Dividing both sides of (!) by the time difffirential dt w find 

dT " ^ dT " (2) 

6ut dv/dt 1^ the raf^ at which work is done by the force; ite** 
the power delivered by the force. Hence, 

In the present problem ve want to find the power when the msB is 
at the eqoilibriuiD point* From the relation F « *k(x ^ x,^) we aee 
that at X = Xq* F(Xq} « 0- Therefore* the aprlng delivers no power 
at the Instant the mass m passes through the mid-point x^. 
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SEGMENT 7 



[a} CORRECT ANSWER; 30'' 




The cofflpon^nt cf th« apj^llfed force along the Inclined plane, P^* mxst 
at iea^t equal the cotnponent of the weight along the Incline* We have 

Fg ■ rag sine 

and 

= (ng sine) 6 
80 sine « W/mgs 

0 * 3in"l(H/rogs) 

m slTi*^ [720/(3 « 32 « 15) J 
^ 30' 



TRUE OR FALSE? Th6 work reqaire^ tc move the block «p the plane varies 
directly with the mass of the block. 



SEGMENT 7 



21 



CORHIECT ANSWER! B 

B - A constant force produces a constant acceleration^ Usln$ the 
equation Involving a, v, and s, with « 0« ve gat 



or 

2s 



a « 



The force Is given by F » ma, thus F ■ inv^/2». The work done by this 
fcrce is therefore 



23 2 



CORRECT ANSWER; 480 ft-lt> 

The component of the applied force along the inclined piKnc^, F^t must be 

equal and opposite to the 
component of the velght 




TRU£ OK FALSE? The vork done In ttovlttg the safe a distance of 15 ft 
along the plana 16 Independent of the angle of the plana* 
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SEGMENT 7 



[aj CORRECT AKS:W£R; A 




In Figure I Ahov all the forces acting on the block, along vlch the 
CDCiTdlnaci- system chose for chlfi problem* The forces Involved are: 



i) the applied horlKoncal force 

11) the block's velghc vig. 

Hi) the pUne'^ reaction force and 

Iv) the force of friction f of magnitude f * vN* 

Since Che displacement is along the positive x^^axls, only Che x^^compo* 
nerttff of th^se forcr^e will contrlbute^to the work done on che block* 
Therefore, the nonaal reaction force N will not contribute dlreccly to 
th& t^ork doTiei being pcrpendlcalar to %u It do^s contribute IndlrecCIy* 
hovever, sinCe the laagnl^jude of the frlcclonal force i Is proportional 
to 8. The direction of f is, of coarse, always opposite to the motion. 

The force ^ 1^ 

ft - *E f 

y 

or written lis acaUr fo3c«* 

H * ^(«F alnS - mg cofiO) - F i»ln9 ^ mft Cos$ 

next page 



continued 

Sq the magnittide of the ft>rce of friction beciwnea 

f * ufr s.nS rag cose) (i) 

The total work done on the block Is (see Plgure 2) 

Vr * i-t - sSF^ - sir cos6 - sinQ - m(F slnS + mg cose)] (2> 
Using the work-enerfsy theorem AK » V, ure find 

or 

£ - ^ mv^/lF cose - THE sine - v*CF «in6 + mg cose)] <3) 
(120)(0,8) - C10)C9,S>CO,6) - C0.2)[(120)<0.6; + (10)(9,8) (0.8)) 

TRUE OH FAl^S? In this problem, the block ccmtes to rest after traveling 
3. 0 DJ up the plane. 



CORRECT AKSWERi :i.6 x lO^ ft-lb 

In using the expression for the kinetic energy 



ve must make sure that consistent units are used for all the quantities 
involved. Thus, m = 3000/32 filugs and v * 60 ml/br - 8S ft/sec, so 

K * I (88)2 „ 3^63 ^ ft-lb 



SECMEMT ? 



the work done by a variable force is given by 




From the gtaph we see that F depends linearly on g (F^ » k&) , with 
the slope k equal to (40 iit)7(20 ;n) « 2 nt/m* Hence* 



W « k I s 



sda - (l/2)ks2 



* (l/2)k (s 2 - s,2) 



- (1/2) (2) (600 - 100) » 300 j 

The vork can also be computed "geometrically." The Integral /F^da is 
equal to the area under the Fg versus s curve, between the specified 
s-llnlts. A look at the graph will convince* you that the area ia 
indeed 300 rtt-re • 300 j . 
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CORRECT ANSWER: 6 m/sec 

The wotk done by the block Is «{]ual to the cbanf^e in kinetic energy K 
cf the blocic* 



or 



All the vork on the blocic la done by the component of weight J>rojei::t6<i 
along the IncJ.ln*- Tton the dla^ram^ we have 



* -mga Bine 
The work-energy theorem becoiaes 

or v^^ ■ * 2gs sln6 




Using the given data, IC m/scc* s « 2,6 m» and 5 - ^5*» we find 

TRUE OR FALSE? This block will come to rest at the end of Its upwdtd 
journey after traveling a distance of 2-5 m tip the plane. 



CORRECT fi^SmUz C 

C « The work-energy theorem state* that the work done Is equal to the 
change of the Kirtetlc enetgy of the particle* 



From the given data, 

Ki - (l/2>mv^ 

ant} 

Kf « (X/2)m(2v)2 * 2inv2 
Substituting (2) and (3) into (l) » we find 



CD 
C3) 



la] CORRECT ANSUT-R: A 



A - The escalator must JuBt overcotne the gravitational force on the 
passengers (v^lght)* If n Is the number of paseenf^ers of average 
weight the total force thnc must fae provided by the escalator is 
^ * The povet delivered by the escalator In moving the passengers 

with 3 velocity v ±s 

p > a -n$'v * -n*Jv co3(90 + 37^) 

- ntrv sln(37*) 
This power cannot fae larger than 




10 hp ^ 550 ^.^"A^/.^.^.S B 5500 ft-lb/aec 
hp 

Therefore, for ftaxlfflum 
riw sln(37") * 5500 
or 

n . 5500 

1^ 3in(37') 

* 30.6 

Hence* yO people can ride the escalator. 
Kotlce that 31 people are too many* 

TRUE OR FALSE? In the solution afaovc;* power consumed is liKlependent of 
the angle of the escalator. 



Ih] COMECT ANSWER: D 

Circular motion provides an exwple ot the dependence of the work done 
on the angle faetveen the applied force and direction of notion. The 
centripetal force la mv^/z^ and the total distance traveled during one 
revolution Is s <" * nd. At any moment* hcvever* the force is 
directed along the radiua toward the center, vhlle the direction of 
inotion Is along the tangent to the circle at the point at vhlch the 
particle is, ThuSt angle faetween f and da la $0*1 and t'ds ^ 
Fds 006(90") - 0. So the work done by the centripetal force is scero. 

TRUE OR FAiSC? In uniform circular motion^, the work done by the centri- 
petal force ifi an unpredictable function of dl^placeoent* 
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l^] CORRECT ANStVER; 10 nt/»€C 

T!>e kinetic ft^Lergv K of th*t projectile is givcfv by 

At the highest point in a trsjectory^ the vertical component of velocity 
vanishes^ 




the horizontal conponenc of velocity rem&itis unchanged throughout the 
projectile's flight because there is no horizontal force* The Initial 
sp^ed^ v» and ar* related by 

» V cose 

that K - I m(v cose)^ 

or ^ " C086 

■ 10 m/sec 




TRUE OR FALSE? Juat before the projectile leaves the mu^^la of the 
it has definite vertical and horieontal components of velocity* 



[b] CORRECT APfSWER: 100 ft-lb 

Since the ctieplacenent and time are given, and v^ ^ 0, the constant 
acceleration can be computed from 

1 2 29 

The force causing this acceleration is 
2ms 



? * ma ■ 



t^ 



Finally the work done by this force la given by 

W - Fs * 2a ^ • 2 « II « - 100 f t-lb 
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ta] This solution is Identical thAt of question lOt except for Mjae 
tmtnerical changed* The solution Is reproduced here f<^r your conven- 
ience* 

CORRECT ANSWER; B 

B ^ The escalator mist just overcome the gravitational force on the 
passengers (weight). If n id the number of passengers of average 
i^elght the total force chat muct be provided by the escalator i» 
F * -nw. The power delivered by the escalator in moving the passengere 
with a velocity v is 

P F*v * -!:i$*v - *n^3V cos(95 + 37") 
* rm sln(37') 



ri 




nw 



t 



This pover cannot be larger than 
f c-lb/sec 



5 hp X 550 



hp 



2250 ft-lb/sec 



Therefore* for naximuta n* 
nVv aln{37*) - 2250 
or 

* 2250 
wv sinOJ") 

- 3Q*6 

Hence* 30 people can ride the escalator. 
Notice that 31 people are too many. 

TRUE OR FALSE? More people could have ridden the escalator if ^ had 
been etialler than 150 lb. 



lb] CORRECT ANSWER: D 

D - The work done on the book i» given by W - f-s » f^s vhere f^ia the 
applied force and ^ the displacement* Xn this <|uedtlon s y, 
Furthermorct in order to ntove th| ^ook vertically tipverd (without 
acceleration), a vertical force * " Is required to overcome the 
force of "gravity'* (weight). Hence* F * mg and 



PyY - «gy 
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CORRECT AKSWER: T> 




B - Ir Fisutr« 1 we show all ch« forces acting on the block* along with 
ttfc« coordlftst€ system chosea for this problem: The forces Involved arer 



1) the applied borlKorital force r» 

it) the l>lock^s veighc mg* 

lit) the plane's reaction force ami 

iv) the force of friction f ot magnitude f « v^. 

Since the <l iapl^cesnent 1q Along the positive x^axis* only the x-^co^npo** 
nents of these forces will contribute_;Co the work done on the blocV. 
Therefore^ the normal reaction f^^rce ^ vlll not contribute directly to 
the work done* being perpendicular to s. It does contribute indirectly^ 
hcfwever^ since the majinlttide of the frlctional force t is proportional 
to The direction of ? ls» of course, alvayi^ opposite to the motion^ 

The force S Is 

or written in scalar forrn^ 

S * -{-F sine * utg cose) = F sine + tng cos9 
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fio the nas^xiltucje oF the force of frlctlt^rt becomes 



f * i^M fs 5i^o + tog cofiO) 



(i) 



The total work done oa the block is (see Figure 2l) 



V ^'-s » g(r F^> » s[r COS0 - rag filnO - utF sltiS + ittg Cos9)l 



Using th^ wtJt*ener^y theorem iK * V, w$ fln4 




EF cose - lag sine ^ :;(F * ine + «^ cose)] 



(3) 



Substituting the giver <lata in (3> we obtain 



V ^^—^^ ((120X0-8) ^ <10)(9.8><0.6) - (0.2) [ (120) (0.6) + (10) (9.8)(0.8) ] } 

« - 58. S - 30.08) * ./IOA - 3.76 m/si^c 

TRUE OR FALSE? U'lth the axes chosen as Illustrated, th« y-component 
of F ^oes not <llrectly contribute to the vork done on th« blofik- 



[a] correct Answer; loo j 

Al Its >il&hest altitude, the vertical component of the projiacclle*« 
v^tXoclty is momentarily zero. The horizontal coeipokient of the velocity 
is cotist^ntf since there Is no horliwntal force acting on the particle. 
Hence» the kinetic energy at the highest altitude is given by 




* i X ^ X (20 X 0.5)^ « 



XOO j 



TRTJE OR FALSE? At the highest aXtltu<le, thft proJectUe accelerating 
uniforoily In the horitontal <lir$ctlon. 



CORRECT h^Sj/fEt: C 



C " The w?irk dc^ne is found from 



with F « -^(x - Xq>- We >iave 




2 ^ ? 



^>\lbstttl^tiT^g tbe values of « 0.35 m, = o^Q ra, ^ 0*25 ^* 
and k 2000 ntM above, we get 



The negative sign taeans that worfc is done <j*i the spring, not by the 
spring. We can see this quaiitatlvely. xhe spring is originally 
compressed 5 cm frmn equiilbtlun* Ir does work in moving the mass 
frora x « 10 cm to ic ^ ^ 15 cm, from x = 15 cm to K = 25 cm* 

hoti^er, the spring must he stretchedt so work must be <tone cn Ir. 



TKl*^ Oft FALSE? Throughout the displacetae«c from k ^ 18 ca to x » 23 
the nature of the work done Is identified by a negative (-) sign* 



COPRECT AKSWEftt 960 vatts 

Th« pow€r deUvar^ by a force can be written «s 



in the present problem, the ma^ttudes of the apj^lied force and the 
force ct friction ate equ^l* so F - * ufiig- Furthermore^ ^ atuJ 
have the same direction, Herce!* 



W * -i000(625 - 750 - 100 + 300) « iO"*^ ^ 



7.5 j 
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SEGMEUT 



CORRECT WSW£R! 5 cm 

We use the work-energy tbeorefli to find the speed of the ball when it 
corns out of the water. Kote that th^ force ±s in the *Iirectloii oE 
motion* 

U ^ AY. 



where T Is the nragnltude of the averAge force ami s is the distance 
traveieti by the ball In water. Soiving for the s<iuare ot the final 
speetl, we have 

m 

The speed v Is now the initial sr^ed with which the ball leavea the 
surface of the water. The flight of the ball through tlie air is 
desfcribec^ by 

At the highest point, « 0, so 

y a „ » __ !4 „ where Vq has beea set equal to zero 



. (490 ^ 10^^) (IQ ) ^ 

TRUE OK FAtSE? In this ^olutlon^ v^^ » 0 because the Initial velocity 
of the ball is aero when it la released from the ^ttona of the barrel. 



CORRECT ANSWER! 10 r:/»«c 

Thft work U done by the block i3 equal to th* ch" :ge In the kinetic 
eae^^gy K of the block, 

W « Alt 

or 



ne:'r page 



continued 

tj\ this cas^t w« have work done by the 
C^npontfnt Qt weight pri)jecteti alOT^g the 




t 



I'slng thtfr given ^ata v^^ ^ 3 m/s^c* s » 2.6 n and 8 « 45** we find 

TRUE OR FALSE? All other things equal, at increasingly larger values 
of th^ greater will be v^. 



i 



Given that 

the woa^k done Is 



» 2i5K J- (15/3) X }| - lOO j 
0 



tWt OK rAtS£? ?or tti »ltaatlon <5e»crlb«tJ, a *nd & are botti co«stt:nt?s. 
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B * Th€ change in the' block's kinetic energy is equal tro the net 
work done on the block, the sprini; 3ppli€S a force on the block up 
to the point the spring rc^jches it$ norm^tl (oquflibrlum) lengLh- 
This variable force is equnl to 

F - -y(x - x^> {11 

which is in th^ direction of the block's notion* 

The work done by this force l3 

. ^ I k(x - x^)^ = I ksi^ ay 

vhcre is the chaii^e in the spring's lenj^th; namely, 

X 3t - s. - -20 cm ^ -0,2 m 

D i 

the nlnus sl^n Indicating a negative change of lenstht that Is* contpres* 
slca. the wotrk <ion« by the force of friction is negative <work done 
against friction"^ and is equal to 

^2 -linigij, with 5; AB « 50 cia « 0,5 en, (3) 
Thusj at poirit S the block's kitietlc energy 1^ glveti by 
i !ttv^ " ^1 ^'z * 2 ^^^^ * ^^B^2 

Kow, since *ro the right of B the surface 1$ frlctionlesflj the net force 
on the block there is z«ro, and the block will move with constant 
vel<3city, thereforei the black's speed at point C i£ foutut froct 
equation (4) an<3 if; 

Sul>stitutlng the g5 /en ^ata in (5) we find 

^ ynr45^rX?5 » 3,00 R/sec 
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CORTftECr A^SlfER; 75*350. ft-li>/itec or 137 hp 

The power cftn he computeci from 

P (1) 

The force f raLtst be such as to over* 
come the weight of the car; 

So* 



P » -m|»? * rn^gv cos(90 + 8) 

^ " -mgv(-slF\0) 

» togv slnS {3> 

Equation (3) can also be derived hy 
using Che face cfiac sln^ is the 
component of the weight alot^g th« Incline- The force provided by the 
car*S engine m-jst DVi^rcome thl^s cotEpotient, the jonponent ot the weight 
normal to the incline (rag co^e) Is counteracted by the road's "reaction" 
<?n the Cart 

The given speed is 60 ml/hr ft/eec- Alao^ In ooier to convert 

from ft-lb/se;^ to hp* it^ must divide {3> by 550 (1 hp * 550 ft-lh/fiec>- 
'ihus. 
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[a] CORRECT Aii&.mz S25 lb 

The work"«^ergy theorer;^ can be used for t:olving this problem* Frcm 
* or Fs ^ {l/2)mv^, we find 



2s 



where T is the average force* s th€ distance over %hlch Y ^cCs^ and v 
Is the Initial velocity of the fcjullet. The quentltles involved in 
eqy^tion {!> must expressed In the ^pprcprlate ur\it«. We ceavert 
the bullet^^ veighc Into its riass 



c« 32 It I& « 32 



slug 



T*t€ velocity v « 600 ml/hr * $S0 ft/sec, and the penetratloft depth 
3 * II Inches * 11/12 fc- Thus^ 

^ _ 16 « 32 ^^^^^^ (38)^ « n « 10^ 

2 ^ 11/12 * 16 « 32 ^ 2 X 11 ' ^25 H> 




note 

Ml WRimN MATt;RIAL APPLICABLfi '^V 

iN THE PACES Bf:TWKl■^' TH1$ COLORED 
Sl^tXT A^ti THE K^KT, 



i 
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INFORMATIO^' PA^tL Potential Einergy and CpttservAtlw forces 



CSJECTIVE 

To introduce the concept of polentl^l energy and its ?lace In conservativej 
systems; to use these concipts in the solution of relevant problems. 



Potential energy is the kind of energy that a body has by virtue of ita 
position or cot^figur^tion* When a body is raised tc a higbi^r levei^ it 
iB Able to do a certain amount of work when it falls back to its original 
height; this is potential energy of "position/' Potential energy of 
configuration is illustratet3 by a stretched or compressed sPrinfi, Work 
ctust be done to change the conf i^uraciojj of the spring so that an e<|ual 
atHount of potential etter^y is stoxed the spri^^g under Ideal wnditiona 
because it can do that amount of work in returning to its original length. 

In either case, potential energy can be uniquely determined only by 
referring the change of position or the change of configuration to soae 
particular refereac€ vhlch is arbitrarily assigned a value of 3teto. 
Onhj a change of potential mevgy sign%.fica7it. Once, however, a 
position is (k:taoained to vhich a rero value of potential energy can be 
a^T^igned, ve tnay speak cf the potential energy of a body* Uben a mas$ i& 
lifted to a table top, the energy tnay be measured relative to the floor- 
If we bad referred the energy to the cellar or attic, the potential 
energy at floor levels or at table level, voitld then have ieen different. 

In its broadest sense* a force is conservative if the work it doe& it^ 
mnvlng an cbject over any path back ta its starting point is ^ero* A 
second important characterir^clc of the action of a conservative force 
Is that the work it doe? In moving the obj^^ct between tvo given points 
is independent of the pa;:h over vhich the object been move«3. 
Conservative forces afe intiinately related to potential and kinetic 
energy. When a conservative force doe* vork on a body, this work s 
coniplestely recoverable; indeed^ this is the fundamental aspect of con- 
servative systeiMS!- 

In this section, you will he asked to 

(a) recognize the dilferences between conservative and 

non- conservative forces; 
(t) extend the vork-enevgy theoteiik to situations involving 

con^orvativ^ forced- 



SEG^^E^;T g 



PROBLEMS 



I. The work^-cnergy t;h€ot:em states tiKit the work jdonc hy the resultant 
furce c^n a pflrtlclo is t^qtial to tlie change in kinetic energy of the 
particle^ I, ^ AK. the result^iTit force is coTis^rvati^'^i ^'e also kfi^aw 
that the total energy of the particlt; does Tiot change, + iltJ " 0. In 
this case, which of the folloving sttitemcnta Is correct? 

The W£>Tlc done by the result^int coEiservative force is equal to 

A. the :rhange iti the potential eaetgy of the particle* U « ;,tJ 

B. the change In the total energy of the particle, W » 

C. tUe negative of the change in the total energy of the 
particle, V ~ 

D. the negative of the changes in the potential energy of the 



2. Which of thit following describes the action of a conservative 
force? 

A. A hlQck of wood slides ^om an inclined plane with uniform 
speed , 

B. A cork is pushed under water and then released to bob up to 
the Surface. 

C. A meteor enters the atJnosSphere at ^^iS^i speed and succeeds iii 
reaching the ground without burning up. 

A rock is thrown vertically upward from the surface of the 
moott and alloi^/ed to fall back down* 



3, Let the velocities ot a pat-.icle at positions and x be and v* 
respeetlveiy, t£ the total energy E at 1$ (l/2)mV(j^ + tJ(^p) and the 
parCicie is subjected to a conservative forcr.^ then for the positic^n 
the expression iX/2)m^ + Uix) i& the e<iuivalent of 

A. E + W 

C. £ + AK 
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2 



1 

O 



Two p&rtlclefi of eqtistl m^ss are rel< ^d«d from top of an IncXlae making 
an angile of 30* vith the horitontaX^ particle oni^ falls stralgbc down 
and particle two slides 6cm Che it\cline« both reaching the saiae zero 
level. E^egXecting frlctio^t find the ratio of the vork clone by the 
gravitaCiondl force oa particXe one to the work done by the jgravita- 
tli^naX force on particle two, 

A- 0.5 

B, 2 

C- 1 

D. 0.866 



INFOBflATlOS PANEL Cottservat ion pf Energy 



to apply the principle of the coaservation of energy to the solution of 
numerical prcblama in which it is directly involved* 



The pri-.>ciple (^t lav) of conservation of energy states that irk any isolated 
Gyste^t regardless of th« changes that may occur vithin the eysteffi* the 
totnl energy ot the system remaitia constant. Constancy implies that ener^ 
tmy hr. transferred from one part of the system to another t but that it cannot 
t>e created or destroyed. We know of no energ:y generators* otily energy ccn^- 
verter^. 7h& destructicn of en^.gy appears to be impossible. Vhen energy 
seems to disappear, we alvays find that it has been merely transferred else- 
where and cati always be accounted for. 



OBJECT'^TE 
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SEGMENT 8 



continued 

Ixi ajrstenis where only Conae)!^atii^e foroe^ ^ot^ th& conservation principle 
may be written as! 

K T U * consl3.ut 

in which K » kinetic energy^ U * potenti^il ^n&rgy* and the constant Is 
called the totaX inech*inlcai energy oT the system. Any loss of kln&tlc 
energy that occurs results in a gain of: an e<luvil awouat of potentlc:! 
energy* and vic6 vtrsa ao that 

thus M + « 0 

Vlieii one or more nonconaervatlve ^orces Are preseat^ the total mechanicai 
energy E of th« systein is nrt conBtant^ but changes by an amount et[ua3L to 
the work of the nonconseivative forcHS ^« the system. 

Tho problems associated vitb this section are all baaed on the conservation 
of mechanical energy, beace involve only cons>rvaclv& forces* Vou may 
assume for thc^e that ■.loaconserv?**^^^ forces are absent or that their 
effects way be Ignore^l^ You will be expected to be abJe to determine 

(a) the maximum height of ascent of a vertically projected body 
with the help of the conservation principle; 

(b) the height to wh'ch a roller coaster A^ith a given initial speed 
will rise as it climbs Inclined 

(c) determine the speed of a given pendulum bob as it passes througti 
the lowest point of its swing. 



SENTIENT 8 



5, A roll«r coaster moves at point A vlth spee<l v^. At point B, the 
coaster moves with ap^ed (1/2) Assuming no frictlonal losses* what 

Is the height of point 3 above point A? 



5 v^^/Sg 



A ball of nias9 0*3 kg is thrown from grount} level v^rticall^ upvard 
with ^ stpee<£ of 20 d/bbc^ Use conservation of «ft«r£y to find the maximm 
height, h, attalne<3 by the ball^ 



7» A pftTidulmt bob is released frem a height h * 30 cm with a speed 
v^ " 2: Tt/sec. What is the speed ot the bob vhim it passes through the 
lowest point of its swing? 




3 Vo^/% 



* 
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K particle of mass .n starts from m&t at point A^ttd slides down 
Co ftoint C without leaving the track. Neglecting frifctioriT find the 
r^itlo of the sj)eed of the particle at ^olirt B to Us 'speed at point 
If the height of E abcve C Is h and the height of A above C Is 2h, 




INFORMATIO^f PANEX Fotential EnerRy When the Rgsultaat Force Varies 



OBJECTIVE 

* 

To solve pocentiLal energy problems in vhizh the force that producet the 
change itk potential energy v^iries vith the configuratl'm of the ?=vitem. 



In one dlBienslon* say^ along the X-axis* the change in potential energy 

is related to the component of force along this axla F(x) by the 
equation: 

- ' j j^(x) dx 



This relationship may also be written in the forsit 



dK 
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continued 

Tlie second fom is easily verified by ^ubstitutins it in the first 
equation; an identity is obtained. Clearly, we csn also write this 
last expr^^si^ion nst 

duGc) ' -r(x) dx 

In many situations, the fatce T varied vith its pofiitlo^ alf^ng the 
cliosen axis, that is, F is a function of x- When you (Encounter a f^roUltsm 
of this type, all tnat is required is that you set up the general equation 
you need and substitute the $iven identity for F(jt). Tor example, sj^pos* 
that you are told that the force is related to its position along the 
x~Axis byr 

F « kx^ 

in which V is a constaftt- To find the chaftfie in the ^tential energy o£ 
a particles to whicii thid force is tipplied^ frdu 9otAe ref«r«nc^ pusltlon 
Xjj to a new position you vould vrite; 

and then integrate lietween the positions x and y^, 

Generalized expressions for forces that vary in two an<3 three diiaeviai^nfi 

Are alfio^derived In your te}ct. In tbia section of your work, however, 

you will t>e dealing with ore-dimensional problems only, Y3U are ext>ec^e^i 
to be able to solve problems in ^hich you are to find 

(a) the {potential energy of a parLicle located at some arbitrary 
point on th^ axis being considered^ given the way In which the force 
varies with position on th^s axis; 

(b) thfi x-componetit of a force th^t /dries ir, two diiflensions, giv*?n 
The relationship between this force and the conetrquont f^otential enerjiy 
it produces k 



9. For a force 

F * -ky 

where k is a constant, ^nd for the choice U * 0 at y " ^^^^ 
potential energy U(y) of a particle located at an arbitrary po ut y? 



iO> Th<? potential energy corresponding to a certain two-dimensional 
force is 

vberc k is a cottstant. The x-^component of the corresponding force is 



11, A particle is subject to a force F(y) » -mg. If the potential 
energy of tbe particle Is a:erc at the orlglnt* U(0) * 0^ what Is the 
potential energy U(y) of the* particle as a function of y3 



12^ For a force 

F<k) « " \ 

where k Is coDStar&t and for the choice of U -* 0 at x » % what 1» 

the potential eaer^ U(x) of a particle locate*} at an arfcltraiy ^olnt x? 

A. -it \ C* ^ lot* 

X X 



IHFOMVTXON PANEL Energy In Springq 



OBJECTIVE 

To Apply conservation principles to the solution of spring problemfi in 
which kinetic energy end potential energy are Involved in Ideal (frlc*- 
tlonle&s) systems* 



The problems found in this auction require that you r«c4ll and apply the 
following fundamental relationships: 
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I. In an oscillating spring syst^n i^alat^d from external fcrce»i 
the total en^:rgy remains constant is always ln&tanc;aneously equal 
to the sum of the kintitlc energy an<2 poteatial energy of the system at 
that Itistantj or: 

e: = JC f U 

2* The force required to compress or stretch J* spring Is |*ropOr- 
tional to the coiariressioa or extension^ i.e.* 

where k is defined aa being the spring constant. The potMtlal ener^ 

of the spifiitg Is therefore 

U « ^ kx^ 
2 

in which k Is the &]>rin1S constant attd k ts the displacement of the end 
of the spring from Its xero reference position. 

3. EJhen s spring is compressed or 4rtretched as a refiult of th^ 
transfer of energy to It from a moving mass m having a velocity v* the 
conservation principle xasy be vritt«n: 

E - I mv^ + 1^ kx^ 
2 2 

where E is the constants tot^l energy of the mas$*spring ey«tem* 

In this section^ you will be asked to aolve problems in which you lamt 
determine: 

(a) the height from which a msss irust be iroj^ped onto a spring 
iti order to produce & given compression; 

(h) thcu kinetic energy of a Tia^s on a vibrating spring when the 
total energy and potential energy at a given Instant arc known; 

(c) the maitimum dlsplaceuient; of a mass on a vibrating fiprlng given 
the spring constant and the total energy of the syateaj 

Cd) the Tnaxi!fim compreeslon of a given spring after helr,fe struck 
by & given mass moving At a given sp^ed. 



A ball of maaa vl is dropped frois rest onto a spring with aprlng 
constant k. The maKisnj% compresaion of the spring Is x. Find the height 



13* 



constant k. The maKisnj% compression ox the spring is x. Find the height 
above the (uncompreissed) spring from which the ball was dre»ppe<!, assut&lng 
no friction at the time of iiRpact* 



ERIC 



J 



u 



Hp a particle of ^ reledse<3 from the top of an incline a» shown 

in the fi^jare below. At the bottom. It cotnPres&es ^ spring by in amount 
indicated as the ■spring! constant is ^> Find the liei&nt li from which 
the particle is released, Saeglect function. 



i 



kx5 



A CotfipQaite l^cobl^m V^iu^ Conservation of Energy 



OBJECTIVE 

To aolve a problem its which the principle of conservation of energy is 
combined with Centripetal force. 



lERlC 



In th^ ^ystfith Illustrates! In the accompaDyiftg diagram^ a i^lock is placed 
on B f rlctionless Irtcllned track and released so that it slides down the 

track Into aa Inside loop. If 
it i3 not placed high ?nough 
above the reference surface* it 
vili start the loop but fall off 
before It reaches the top* If 
it is to successfully negotiate 
tha loop and continue on Its 
^ay^ ther£> is a definite minimum 
height at which it must be placed 
before it is released. Let's talk 
about this problem vith a view to 
helping you get started on it. 

You are given the mds? or weight of the block and the radius of the loop. 
When the block passes the bottom of the loop Just as it comes off the 
Inclitte* ic is tnovlng at some specific epeed» but the speed must decrease 
as It begins to cliwb the far end of the loop against gravity. The loop 
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SECStEMT 8 



CDnClTtu€d 

ts rigid and ptesses inward on the block, providing the centripetal force 
nt^eded to force it inco circular raotlon* The lowest ^relocity to t^hlch the 
biock will be redticed is the velocity at the very tt>p ot the loop* What 
physlc;il situ^itian must obtain ac this paint If the block is not to leave 
the track, falliog do^Tiward? Tliink about this l^;fore ccntinutflgp 

If the velocity ot the block at the top ot the loop is less than a certain 
critical value, its weight wiU be greater thari the centripetal force 
required to keep it Tuovlng In a loop of the divert ratJius. In this case* 
it vill simply leave the track and fall back to the si^rface^ Thus, if it 
Is not to lose corttact with the tracki its velocity mBt greater than 
this critical value. Stated otherwise, its veloait^y mst ve suaH that the 
eeniripetal fcrce needed to mke it nave in a circ^te of that pavticui^ 
radiuti to equal to (?r gn^eater than the i^eight of the bloak. Thla is all 
the clue you should need to get started. Set up the expre^ioii for cen** 
trlpetal force in terms of mass and velocity, then equate this with the 
\ieight expressed in terms of wass an<l gravitational acceleration- iook 
for a way to ^et the kirtetic energy of the block into the picture after 
you have done this^ 



IS- 




Conpute the ntlnlimiiii height h fron vhlch a 10-lb block can be released^ 
in order that it will go around th* loop without losing contact with 
the track- Assume a frlctionlesa crack. 



SEGMENT S 



Ul CORRECT ANSl^ER: 0.7^ j 

The system is conservative artd cbe priricif>l^ of tonservatlon cf energy 

E * K + U 

where total e^^ii^rgy E is a constant. Substituting the data 1*28 j * 
K + 0.50 jt ve obtain K - OWS 



tbi CORRECT ANSVEBt 3,1^1 la/sec 



If we t^ike the Icvwst point at the zero*p<»tential en^&rgy point* th« bob's 
totai energy^ at release is s (l/2)mv^j^ +^ tttgh. This mat l^c e^iual to 
itA total energy wh^n it j^asses througti th4t lowest f^oint cf it£ sviiig, 
Ef * (l/2)mv^. Equating and ^ind solving f^r v, we obtain 



or 



+ 2(9.8)(0.3) 



^ 3.14 m/sec 

Notice that this is the result vhen the peiidulunt hot is initially moving 
either cXocKi/i^e or cauTitertlccltwise. 



ERIC, 



It] CORHECt ANSWER: C 

The gravitatiojial force is comaetvati^^e, therefore, the work done 1« eq\*al 
to negative of the change in Potential energy. In other words* 

In this problem the AU is the s^e for both the psrticles, therefore, the 
ratio cf the work done is one* 

TRUE OR FALSE? To arrive at the statatient W * -AC, one mst ^pply both 
the principle of coneervation of energy and the work-energy theorem. 



SEGMENT $ 



CORRECT ANSVER: A 

Initially^ th€ kinetic energy af the ball is z^ro. If we (define our zi&to 
of graviutlonal p<*tential ^P«r$y to be the "ground" level in the ^JCCO^rt- 
ptinylfig diagram^ the potential energy of tW ball is mgh, wh^re h Is the 
unknown height above the spring- the uncompressed spring has zbto 
potOfltl^X energy* Therefore^ the total initial enersy is 



In the final configuratiou, the ball is momentarily at ve^t (zero klneti<: 
energy). The potential energy due to gravity is mgt-x) because the bail 
is below the "ground" lev^l. The spring now contributes a potential eaerj 
of (l/2)kx^ due to its coitbpresaion^ fiave 



(1) 



(2) 




h 

OfKMlNO LEVEL I 



QAOUNDJLCVEL 



/TTTTT 
INITIAL 





FINAL 



Conservation oi energy, Ej^ E^^^ gives 



TRUE OR FALSE? As it turnm out^ the height frm which the ball is 
dropped la direct} / proportional to the compreaision of the dprlng* 
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COKKECt ANSWER: B 



Applying tht law cotiservatiott of enetgyi 



L 1 



(1) 



where v la the d^eed the f^article on the flat part of the track. 
Similarly* the energy r^laticiiship for th^ (>article lusd spring syistem 
is: 



TIUIE Olt TAtSE? ifter the ball p»s«e» the bottota of the itwiliiie and 
viiile It moves along the flat part of the track* its acceleration is 
zero 4 



comer /mmst: v 

Th** force of gravity ia a coiwervativs force* Since the won bas no 
atmospheire* frittiot* is not operative during; the rOck'a flight* When 
the rock retuma te the height from which It vas thrwH, it will have 
Its initial spee^ and the kinetic energy will also have its initial 
value. 

In general ve look for dli^jsipative fotees (ustmlly frictiottal iforce^), 
which will convert some^ er all, of the wechanieal energy into rheraal 
energy (heat)* light* cr tomd vhleh^ for practical purposes^ is n^t 
recoverable* Such forces are iton'^conaervatlve. 

When a rack je throwtt twar the surface of the Earth, the ptoceas is not 
con&etvatlvft uAle^a air residtance 1? tteglected.. Although the gravita- 
tional force Is conservative^ the force ^vm to friction i^ disaipatlve 
and Che resaltant force is therefore disalpative* Answers A« ft, and C 
involve frlctional forces aad are therefore not descriptive of conaerva^ 
tive forces* 




(2) 



Cott^inlng (l) and (2> and solving £or h yields 



h » 



2mg 
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Ul CORRECT ANSi/ER: C 

Uaing the principle of conservation of irkechanlcal energy, thfi Speed at 
points B Jv^J an^ tHe $pec<jl ^it point C |v^J wuy be cotsputed from 



and 



^1 raVg^ » mgh 



2 



(1) 
(2) 



Therefore the ratia 



5 -if 



TRUE OK FALSE? At point B, the kinetic energy Is amaller then the total 
energy of the 1>artlcle at that Instent* 



[h] CTOSECT ANSWER: D 

The forces are conservative, so total energy at x is e<|ual to tHe total 
energy ^t x^^. Hence* 

Total energy at ^ ^ + ^(«o5 " B 
3o that 

total energy at x - av^ + n(x) £ 

Hence, the total energy at x " £* Clearly* answers A, B, C all heve an 
incorrect additive on the right side of the eftuetlon* 



[ERIC 



[c} CORRl^T ANSUES: D 

When cooflervetjye forces a^e involved, tJtie total energy is conserved* Thua> 
^ + A^F - 0, and AK * -AU* Then, nslng the wrk^energy theorem, we get* 

- AK - -au 

TRtlE OR PALSa? The atateiaent AK 4 - 0 is the «quivalent of the atateaent 
K + U • conatatjt for a ccvnaervative ayatCTi. 



I 
I 
1 
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[a) CORStECX ASSWER: 20.4 si 

V« chooe« our s«ro I«vel of potential tmergy At the i^celtlon froa which 
th€^ bail va« thr^^wn. Its total energy at the Instant it I^^ives the 
ground consists entirely of its inlclal kinetic energy, (l/^Jrov^^* 
Similarly, at the ifistant thc^ attains Its maxlmusn height its total 

energy Is potential* ingh- C»lng conservation of energy we obtain 

mgh * -J Jnv^^ 

which gives 

(20)^ „ 400 



2g 2 *^ 9pS 19.6 



20«A 



In gemral* for a single particle In a gtavitetlonfll field, equating 
initial energy to linal energy yields 

I i| 



from which 

This equation should be f^mili^r to you fr^ klfteiAatlcd* 



tbl COHHECT ANSWER: 0,8 m 

At either end ot the i^wing <3C * ^^x^ S[>eed of the buim Is aoaentarily 
sero, so the total energy of the ma^S'-Rpttng sy«tea (1,28 J) is potential* 
thus, 

U - I Mx»ax ^0^^ " E * 1*2* ^ 
and the distance from the e<iulllbTluiB position 
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C&mcT i^SWfiJt: 25 it 

At thd top of the loop the block ftkist a velocltsr such that th« 
^eAttipetdl foitce requited to Bia^ it nov^ in a circle is At least 
afi gt^at d£ ch? iu<eight of the block. It un» of cout^e. be greater* 
sitic^ the tr^tk <rati j^t^ldt all tHei^ additional force raquired. We 
muitt, chftiif fiavd 

CD 



Sijt from fioiis*rvation of energy (t^o friction) 

^ « mft(ti - 2R> 12) 
Mblning <X) and {2) we o}>tAln 

or 

h 2 25 ft 



TinjE Oft PALS£lt When the l^lock Is at the highest ^Int of th« loopp 
the centripetal force mist bi» greater or eiiual to might of the 
block. 



SEGKEST S 
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CORRECT AKSWEil: B 

Th« Initial acatc consists of ^. moving blotk vlth kinetic Sitergy (l/2>«v^^ 
an<J an =jncoDij>reafied spring vith «ero potential energy* 



INITIAL riNAL 




Tli« tertal energy i»ttiaily i5 

The fiiul contiguratiott corwlsts <sf the blo^k tt(»ientarily «t rest^ «n<i 

the spring coiaprft«st«<l An unknown distance W<a have 

Sou single energy is conserve, ^ which Slved 




COEKBCT AJniWOt: A 

MechjiaiCAX energy is comerved* takljcig the Initial pot^ntjUl daergy 'bi& 
2«ro^ have E « (I/2)m>o^« Squaticg this to the total final energy^ 
kinetic plw potentials wo ohtain 

the resulting fixpression for h ±» 

anW - (i/g>V « 3v^,2 

g 8fi 

TRtfE cut FAISCt The Iftitial total energy erf the roller coaater i9 partly 
kinetic end pertly potential* 
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SEGMENT 8 



CORRECT ANSWER; U(y) * mgy 
In one dimension we have 

F(y) =* -* ^^Sv) 

ot 

dU - - F(y) dy 
When integrating equation (1) remeiaber that 



(I) 



/ dU - - / F(y) dy -/ mg dy 

Jho) Jo Jo 



ot 



U(y) - U(0) « " mgy 



Since U(0> • 0, 



U(y) * togy 



CORKECT ANSWER: C 



The force in two dlmenaioas is given by 



^ 3y (1) 

In th« competition of 5ll/3x, y i* treated ae thoygh it vere a constant. 
We have 



3f 3x 



but since &x^/3x * d(x^>/dx » 3k^ 
and 3(y^)/3x « 0 

then " * 4 k(3a£^) * -kx^, the answer to the {problem. 
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[al comet AMSWER; i - yo^) 



Frcra 
We flad 



9y 



dU " - F dy 
Integrating between the pclntB yo and y. 



I dIJ * " I ^ dy 
^y(yo> Jyo 



tlfting the given data F * - ky and Utyo) « 0^ we fitwl 



U(y) - ^ 



4 fc<y' - ^0^) 



TRUE OR FALSSt According to 9ur estafallehed symbolism, the force F 
in this probleib is confined to ene dimension^ 



From p/^^ . 3U _ dU 

we fiad 

dV m ^ f(x) djt - dx* 
Integrating from the t>oltit9 x " ^ to x « X 



u<x) - ^ 



4dx 



Note that tJ<«») • 0 



TRUE OR FALSE? the potential, energy of the particle as x approaeheft is 
IWB than k but greater than zero* 
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note 

ALL WaXTXES MATERIAL APPLICABLE TO 
THE FOLLOWING SECMEKT IS COHTAll^ED 
IN THE PAGES BETWEKH THIS COLORED 
SHEEI AND "HE NEXT. 



liigFORriATIOy MN£l> The Coordina tes of the Cente r of 

Mass of a System of Fartirles 



OBJECTIVE 

To recognise and apply the f«ct tliat the position of the cestter of n^ass 
ot & system t^f particles t& liHiepend^nt of the toor<llnates used to 
describe its location. 



Youir assigned reading tdlll itXtimately carry you to the stateiaent; 



The fi^nt^r of of tz ayst^ pax^tioles d^p^rtds only 
on th& msaes of th& poi^tfoZ^^ am th& pOBttion of the 
particles relative to ens anc^thct*^ 

One Impcrtant implication of this statement Is that the orientation or 
pasltion of the aites does not affect the position of the center of masa 

relative to the parclcJLea, Consider 
the thr^ particle in the upper dia- 
gram at the left^ These particles 
have relative masses of I, and 3 
respectively a? indicated* Using the 
accepted t»ethod for determining the 
coordinates of the center of loaas^ we 
can urlt€f 



a 10 



(i)(X) -^ (2)(7) ^ (3)(9) ^ 7 
1 + 2 + 3 

(Dm 4 (2K5> + <3)(4> , ^ 
i + 2 + 3 
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In the Iwer diagram* we have redrawn 
the system with d new set of axes 30 
that the particle of relative tnasa 1 
la now at the origin^ Once again 
writing the coor4inates of the center 
of maa^t we have 



'^cin 



1+2+3 ^ 



a)CO) + (2>(3> + (3)t2) - , 
1 + 2+3 



next page 
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Continued 



Ci>mpare the two dia^r&ms and obEerve that the center of teass in each on« 
iB identically located y^lntiv^s tc the sifetem of pai*Uates* Despite the 
fact thac the particle of nass 1 ie scusrely on the origin and so hs» 
cponllnacesi of (0,0), it still enters inco ^he calculation of the cenc«r 
of m^B. Sote tlut it doe^ centribate to the denoiainator of the fraction 
altliou^h it drops o\st of the numerator in both thje evaluations. 

To handle the problems In this eroup, it will be :iecessary for you to 

Ca) locate th« center mass of tliree particles, two of which 
lie Oil tjie X-axis; 

(b) vrite m escpression for the x-coordlr^ace of the center of laass 
of particles in general form; 

Cc) detemine the coordinates of the center of ma«e ol an aaywtf^etricaL 
body in two dimenelor^s* 



1, The coordinates of Che center of mass of the aystem shown in the 
figure are 



Y 



A- X « a; y m 1.33 a 

Bt X » 0.25 d; y B a 

C* X « a; y * 0.75 a 

0* X » 0*75 a; y » a 
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2. Consider the cfinter of mass of a system of two particles ard 
lying along the x-axia at Xy and x^* respectively. Write j^n expression 
for X > the x-coordinate of ttie center of mass of the two psrtlci«<s* 



3. What are the coordinates of the center cf mass of the system shown 
in the figure? 



mi 



A- X * Z^i y * a 

X * 0.5 a; y ^ 1.1 a 
Ci X " ii; y * a 
0. X " 0,33 a; y » a 



into the shape shown . If 
uniform mass detisity and 
tbicktiesfi are assumed for 
tbia piece of wood^ then 
the center of tnafiS is 
located at the point 

A. (0.9, 1.0) 

(1.3, 1.3) 

C* (0.9, 1*3) 

D. (1.0, 1.3) 




X(ft) 



A piece of 3/4 inch plywood has been cv^t 

ytft) 

3 1 

a- 1 » 



4 
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5^ A pi^te o£ 1/2 iach plywood has been cut Into the shape shown, if 
unlfooi wass densicjr and thickness are assumed iox this piece of vood, 
wbtit are th€ coordinates of its center nass? 



t*0. 75^4.5} 



1 



3 
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INFOBHATIQH PANEL 



-2 Thft Movemfeat of Cmitar of Mass 



OBJECTIVE 

To Correctly analyse problems Involving the movetnent of the Center of 
siaas of « ayatem of l^articlea subjected to Internal and/or external force?. 



SincB the baalc definition of center of mass comits ua to thinking c£ It 

ae a poliit vhere all the okass of a body may be considered to be concentrated^ 

It follows from Kewton'e second law that 

The nente^ of imse of a &tf&tm of particlec ia a paint i^Hch 
mve& ci^ tho^h the total moQ^ of th& ^y^tm ie conaantpated 
at that point and is aubjeot to a foree eqt^l to the resultant 
of alt external forcea on the BifS:^^^^^ 



next 



r[^»^pos;G n perfectly 33rm;Ttetrical Kollot^ ball containing ^ corrspresa^id 
^ii^rlrv;: rosUc up at two segments fittetl troSt^ther* Suppose further 
t.Mf. t:ie is dropped v<?rtically cJav'nmrd from the top of a bridge 

:vv: tlMt th^ ^spring ±b titncd to decompress after the bali has fallen 
p:irt oj the way do*^, blowing the segra^ints ^ip^irt* The force exerted 
bv the spring on the se$T3ents is an ijitern^t one; it must be ^cccm^ 
pjnieU by a rcitctlofi force u'hich makes the net force on the segment 
system z^to. Mi iftternal forces have this cbiiracteri^tic, hence the 
estph^i&ij& on exter*nal forces in the italicized statement above^ Thus, 
internai forces csntiot affect t^ie m<>tion of the center of mass of any 
system of moving particles. In this exaiapl^t the two fragments of the 
bail ^wld follow trajectories such that th€ center of masd of tti^ two-^ 
fr^$ment system would continue to fall eimighi^ dam a& thoug'h the halt 
iUtd ^'ioi blcoji apart at alt. Note that no loentian was made in the 
description abmit the relative masses of tbe two fragments. The 
^apparent disregtir<J of the center of mass for int^^rnal forces af>plies 
equally well to a pair of fragm^:nt& having a mass ratio of, say, 10 to 
1 as it does to a pair of fragments ec[uaX mas6* The only external 
force accing on the system— ^vhetherHntact or seamen t^d-^^ifi the down- 
ward force of gravitation so that the center of loass will have an 
acceJieration e^ual to g just as the whole ball wo'jld Have bad if it 
had not come apart* 

It is left as a thought exercise for you to vi^ualiste the difference 
in flight pattern of two equal*-niass fragfitente as compared with two 
fragments of unequal Tnass* 

All of the problems in this set require that you be able to reconnize 
the differences In effect of internal and external forces acting on ^ 
system of particles. 



6* Two iDasees on a talile ate connected hy a rubber band- A constant 
force of 50 nt is applied to the right maes as shown* The coefficient of 
kinetic friction between each siass and the table iB m * 0.2, The left 
mass is 10 kg and the right mass is 15 kg* What is the acceleration of 
the center of tnass when both masses are moving the right? 



to kg 



rubber 



15 kg 



( J_1JJ„J J^*LjjLx-i nan 
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7, A weightlifter's barbell ifi accidentally r«I«d&ed froai the cargo 
hAtch of a m^vifi^ airplane, On« of t1t« v«ights separates irom the bar 
In midair, Which statentent best describes the rtsultltig motion? 

A. Thet centti- of biass of the whole barbell eystcm vlll fallow 
the same trajectory m tb« one it woulti foll&w if the weights 
dldi Tiot separate* 

The aotlon the pli^c^s Is cotnpletely randoat. 

C. The pieces follow a path such that their center of inafis 
falls to the ground along a straight vcrticul line. 

D. The motion cafmot be descrlbad because thete is 
instiif f icletit data. 



8* A shell explodes in mid-'trsjectory te^r the surface of the Earth, 
Neglecting friction, name the geometric curve which deacrihes th« 
trajectory that the center of maae of the exploded ahell will follow 
while both fragments are in fll?;ht. 



fn, r 4 kg • 1^ 



# rn, r 2 kg 



For the eysten of ma&see and forced Bh^vm above, the acceleratioo of the 
center of mass 1^ 

A. 72.5 m/sec^ towards left 

B. 37*5 te/sec^ towards right 
C*^ 5 m/sec^ towards left 

D. IS m/sec^ towards righr 
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10, Three tnAfisea on a cable are connected by springs as shown In the 
f£j$ure beilow. A conft^nt: force of 50 Tit Is applietJ to the extreme rlgJit 
mass as; stiowtip The coefficient ot klneilc frlctLon betveen each maas 
and the table Is tn * 0*2* The aiasses of tUe blocks are 2 kg, 5 kg and 
10 kg as $hcvn tn the diagr«imp What is the acceleration of center of 
cwfis vhen ail the masses are moving to the rigtjt? 



6 
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comer AXSVERi ?at;iboln 

In this slcu^tlont the net external force on all the pfirtlcles 1« equal 
to the welj^hc of the vhole fsysteut. Therefore* the center of maM of the 
frdgnidiited sHsll ttov^s though it the centor of ja^sn of the €nta^i 

shcil- Xts traject&ty will he parabolic bec^tiSG the interne! explosive 
force cannot affect the motion of the c&ntsr of inass. 



COttRECT ASSttERi 4 cm/sec^ 

fhlB problan leoks emch more difficult th^n it is. The acceleration of 
the center of jjia^g u Just the tust extetnal fotce dlvl<JciJ by the total 
m^sB^ the total mass is 25 kg. The net exteriial lorcie is the applied 
gxterniil force of 50 nt minus the friction^l force eKerte^J by the table. 
The totoJ frictional force is 

f * " v«3»g ** yi3ig(TBi 4- mj) « 0-2 » 9.8 >c 25 * 49 nt 

Hence, the net external force le 50 - » 1 nt, frora which we obtain 
AH acceleration 



a - 25 kg " ^'^^ m/sec^ « A cm/sec^ 

The answer is independent of the speed of either ntasii (both moving to 
the ri^ht)* if either maeis M^te stationary or moving in the opposite 
direction* the frictlonal forces would be different from those calculated 
Above. For wiving blocks^ we have to take into account that the ftictional 
force la always directed opp^^site to the velocity. If a block 1^ stationary, 
must use Instead of In our calculetions^ 

fiote that the force? exerted by the rubber band on the masses are internal 
fctces. They must be taken into account when free-body diagrams are 
drawn for the two masses* but they do not affect the motion of the center 
of maS5^ 

7^ OK FALSE? The rubber band may be replaced by a ma$aless string 
vlthout chanfSing the acceleration of the center of mass. 
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] CORRECT ANSWER: B 



i 



Senice that althouah mj does not contribute to Z m.t. (eittt;« t, • 0) 
it must be lacluded in E n^^. * * ^ " 

Xm ^ FALSE? tf oi IS Bade 1 kg instead of 2 kg. it my then ha c»aitt<wl 
from th6 suttkbations. i.^^^n-w 



Sefore the piece* separated ther« were internal forces wetted hy the 
pieces OR «8ch other. After the eeparation there i« no interaction 
hetween the sepacate plecea. However, as far as Sewton's second law 
^rrinH^Jj t^-^f tuatloi, has not changed, m forces before reparation 
were internal, action-reacti»n forces «nd by Sewtup's third law cheir 
resultant vas zero. Therefore, the «et external force on the whole 
systeo has not changed with the Beparation. 



U] CORRECT AJ3SMERS {0.0, 1,0) 

Divide th^ glvet) piece ol wood Into two pieces f one square of area 4 ft^ 
and. ano^Jmr T^ztrngle of area A, 5 ft^, Tti^ centers of mass of these piece* 
art located at tlw pQiTits (0^0) fot the square «n4 * <0»3) for th^ 

r^ttangle. $lnctt the plywood is of uniform thlckf!G$s, th^ masses of the&« 
two pieces are * 9^ ^nd ro^ * where o is the assumed maaa pet ft^ 
ftfHj and iHj ar^ ttie masses of the square aiid the rectaii$l«» respet^tlvely. 
tm total mass of ttie $iven piece is ?l « li-5p- Tbe problem jhw has been 
re<Jwce<J to finding the center of mass of tvo particles of leases ta^ and 
located at c. aiid c respectively. 



TSUE OH FALSE? In a problesft of thia type* the position of the center of 
Adas can be described only by giving at lea^t three coordinate*. 



[h] CORitECT ANSWER; im^T^^ fA^>L^)/iv^^ + m^) 

The raasa-s#eighted inean of the pojiitiofts of n particles i» the center of 
msB of the system. Tlie x-coordinate of the centet of mass x is given by 



* 0-0 ft 



* 1.0 ft 




Thus> for the two particles In this Question 
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CORPUECT AKSVER: D 
By tiefLiition^ 



iijiti V « ^ ^- 

i t ' 



+ m2 ^ m3 3 + 2^4 



ISocice thatr although m. <lf^d not contribute to Z tn^r^ (since « 0) ^ 
it mtisc Indulged in £ in^, 

TRUE OR FALSE? One of thft masses has a y-coordinate equal co^. 



The «cc«ler*tion of th« c«j*t«r of was? i« tiw t*«t ctxtemal fwce divided 
by the total oass. The total m&s is 17 kg. Thft net external force is 
the applied external force of 30 nt mintis the frlctiottaX force exerted 
by the table, the total frieti^^nal force is 

- 3^.32 nt 
Therefore* the acceleration ie 



JWB OR FALSSt In thia ^tohlm^ the frlctiaa due ta air resiatdi^ca Has 
been ignored^ 
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[a] CORRECT AMSWERr C 

Ihe certcer of tuass of a system moves In th« satae way that ^ single particle 
equal mass subject to thft same external force would move. TKe resultant 
external torce Is T * 30 nt to the left and the total mass la + » 6 kg* 
Therefore t the acceleration of the center of mass is 

J„ - I lit « -5 i rtt/Ecg » 5 j»/sec^ toward lef c 

^ Kb o kg 



Ih) CORRECT ANSWER: C 

problem* One way Ifl to divide 
the glvert piece of wood Into 
two squares of ar64 I £t^ and 
^ ft^, respectively* The 
centers of mass t>£ the^e square 
pieces ara located at the points 
Cj » (0*5, 2.5) and » (1,1)^ 
Since the t>iywootl Is of ynlfona 
density and thickness, tHe 
masses of these two square 
pieces are respectively 

« ip end wi^ * ^0, where p Is 
the assumed iitass^per-'U[tlt-"area4 
The total Class of the given 
piece is H w 5p4 the problem 
now has been reduced to finding 
the center of mass of two 
partlcJ.es of mass nij and t^^ 
Io<iated at Cj and C^* respectively* 

«ctt " ^ (P ^ 0-5 + 4o X I) - 9, '^^ ff . ^ 0-9 ft 

and 

ycm - -el (r* « 2*5 + 4p X I) ^^^ tA = 1,3 ft 



Wfe shall present tw^ ways of solving this 




A *- 

1 t 
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Amther vay to do this problem is to viw this board as a contlnuoue 

obj^t and use the 



Y 

3 —I 



equivalent Integral 
expression^ for locating 
the center of mass. Thus, 



'"cm 



^ dm - I Jx <JA - f J; 
the value of y la: 
y - 3 for 0 S K i 1, att<! 

Ther«f or« , 



cm n 



+ 1 (x^> 



- :r I 1-5 " <1 - 0) + (4 - 1> I . Y ^ « 0.9 ft 
In a similar fashion 



^ J y d» * I J ajr 



with: 



and 



Therefore, 



• I [(4 - 0) + 0.5(9 - 4)| 



4 + 2.5 



5^ • 1.3 ft 



rh« latter method is, of course, acre tedious. If, however the niece of 
be Sstd ®^°"P^^>» the integral method would be the only one that could 

TRUE OR FAI^E? the position o£ Cj asd In each square oE wood In the 
flrBt solution nay he determined by symmetry considerations. 
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INFORMATION PANEL 



The Momer.CuT^ of ^ t^rticle 



OBJECTIVE 

To state and Interpret the definition of monentuin; to so)ve deiicfip- 
tlve and numerical problenifi involving the TTfc^raenCum of particles vith 
constant toass^ 



Although the wotd ^^inamentiHn''* Appeared in the literature of classical 
physics 5ub£ei}uen£ to tf^ton^s statement of his laws of motiont it is 
^ident from his writings that he recognized the product of mass and 
velocity as an iTtiportant physical entity, In his stac^menc of the 
second lav* he refers to what we now call moTOntum as the "ouantity of 
motion** of a bodv, Since the word '^^juantity*' is broad in meaning, 
the phrase "quantity of motion*^ is vagu^ and unsatisfying;, 

tet's try to clarify its significance with the help of a simole exanvple. 



IMPACT. 



I 

3E2 



^^^^^^ < ^^U^^^ 



S 



A et&el block rests on a horizontal wotxi plank with Its center of maas 

directly above point A. An expert 
imenteri for reasons known only to 
himself^ wishes to have the block 
moved to position B by permitting 
some other object moving roward 
th^ block from the left to collide 
with it. He has available to him 
only two things he can use; a 
hammer with a very massive head 
an4 a number of different car-- 
trid^es togethec ^Ith tho rifle 
that can fire thm» He decides to attike the block with the h^onmer and ^ 
after a number of trialsj find the speed of iffipat^t re^^uired with that 
partictilar haiwiier ma^B to &wcesefuily rsiove the block of steel from A 
to B. In the aecon<3 part of his experiment, he tries various bullet 
fil2es and speeds until he finds one combination^ say a .22 caliber 
slug vith a definite muzzle velocity^ which produces exactly th6 same 
motion of the block when allowed to strike it borl:&oritally from the 
left* He Qow concludef that the hammer and th« bullet had the ^ame 
<;uantitif of motion because they both produced the same motlotial change 
Iei ch« steel block* Thus^ despite the crudity oi the experiment an<^ 
th« possible hidden variables that may be present » he has explicitly 
defined fjuantlty of motion in terms of the effect it has on another 
object , 

next P^g^ 
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continued 

It is clcnr thnt both speed aisd mass must enter into a Judginent of the 
quantity of motion possesse^i "by th^ tnoving body. From the preceding 
example. It can be shovn that ^juantlty of motion, the pro^iuct of tJiass 
an<S velocity are e<|uivalertt, Usitig p to represent (Quantity of motion 

or ina*ncKtuf:ii 

in which ve have used upper and low^r case letters to sytnbolize l^rge 
and smali quaacitles, respectively. 

Thus, tiiornentm an isntity com|vri5ing a mass term and a velocity term 
in the fom of product. Two proving bodies (i-e., a nas&ive hamaier and 
a bull&t of s'Eiiail triaas) cati given the satt^e tSG^^ntvua despite th& mas9 
disparity by giving them the correct velocities* 

Since mass ie a scalar and velocity is a vector quantity, the product 
Is a vector, hence tlie definition of mcmentunt should be written: 

p « BIV 

In the British systemj the unit for motientum Is the slug-ft/sec. In 
the >KS system it is the kg-m/snsc. In probl^ work, caution in unit 
conversiona itiust be exercised to be sure that the dimensions of moiaentum 
are properly expressed^ 

All of the statements regarding the tnomentun of a particle apply e<iually 
veil to ):eal bodies witen all the inass of the body is considered to be 
contentrated at th^ center of mass, 

Uien solving the problems in this set, you will be a^ked to 

(a) determine the tnonientum of $o obj^^ct vlth given md$s. In thi& 
profeient, you will want to find the velocity of the body by applying the 
given data in the law of conservation of energy; 

<b) solve a simple momentum problems involving unit conversions; 

ic) determiite momentum by First finding the velocity of a body 
from a knowledge of its kinetic energy* 
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PROBLEMS 



1^ A 2-kg block slices along the frictlanlea^ track abown in the flBure. 



2* A 32j)0-lb automobile is beading north at a speed of 50 ft/««c- Its 
tnomenttim ie a vector directed north with a magnitude of 

A, 160,000 lb-£t/sec 

B» 160,000 filug-ft/sec 

C, 5,000 slug*ft/s€c 

I>» 5,000 Ib-ft/sec 



3- A 2-kg Jjlock sli^les with constant velocity down an inclined plane* 
The Unetic energy of the block ±s l6 joules. What Is the wagjiltaae 
of the block's motikentum in kg-tn/sec? 



A particle of masa m » 2 kg slides down a track to enter an Inside 
Xoop of radisia It • 50 cm shown Iti the figure below* without loalTig 
contact with the track at any tln^r it starts from rest at point A, 
Vbat is its momentuia at polat B* Neglect friction^ 




If the block^s speed at 
point A Is 10 m/jsec, what 
is the momenCuni in kg-m/s«c 
of tha block at point B? 



A 




h 1 2 meurs) 



IHFOmilOW ?AH£L Mcmenttgn of a Syaten of particles 



OB^JECTIVE 

To «xten<S mm^titw ooikcept^ to the soltition of problems lnvoivii>g 
systems of piartlcl«3. 



A careful an^Iy&ls of th^ behavior o£ a system ot particles ahovs that 

the total momentm of a &^&tm of pcx^ti-claei may 

found by muttipltfizig thg total ma&B of the 
s^etm by the veloait^ of tk& cental' of naes of 
the stfBt^m* 



or 




In which 1^ * the tot&l moroeatm of the system, 
H • the total cia39 oi the syste©> 
^ca * velocity of the center of mass* 

thi5 pro>l«n section involves: 

(a) A deiemlnation of the velocity oi the center of maas of 
a systeta i^iv^n the inofa^attsn of the system; 

(b) f indii^ the resuXtettt oiomentum of a psir of particles by 
the niethod of v^tor i^dition; 

(c) A deteraination ojf the direction of the net tnoffientum o£ a 
given syacem of particles using vector fn^thods* 
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5, Two particies of m^as 2 kg and 3 kg respectively, aire movitsg with a 
speed ijf 10 m/sQc <lue east* A third particle of mass 2 kg Is tnt^vlng 
with a speed of 35 m/sec due north, Uetcrmine the velocity the centiir 
of Tiuiss, of the syateci of three partfcles, 

A, 10, i ri/sec at 45' ^ of E 

B, 20,2 mfsec at 37** JJ of £ 
10. i tn/sec at 37'' of IE 

D. 20.2 m/s^c at 45* R of £ 



6* Two bodies in a system have masses S kg 12 kg and arfi moving 
vlth velocities 10 m/sec at 60* north of east aiui 5 m/sec at 30* Bouth 
of 6^stf respectively, xbe magnitude of momentum of the system 



A, 100 k**-m/ sec 
lAO k^-io/scc 

C, 20 Ug-tt/sec 

D, 70 kg-m/&ec 



7, k 2-ks particle moves due north at a speed of 1 m/dec, A second 
partjLcle of mas* 10 kg fltovee eaet at a speed of 2 fq/set- What Ifi 
the direction of the total montentum of the system^ 

A, Id* tiorth of ^adt 

B, 12* north of east 

C, , fl* north of east 
I>. 6* ftorth of east 



8. A fiystem of particles vlth masses c£ d kg and it kg has a total 
momentum of 100 kg*im/sec at 23' porth of east* Determine the v(*loclty 
of the cepter of mass of the system* 



A» 100 m/sec; at 23'' north of east 

B, 160 m/sec; at due north 

Ct 20 m/aec; at 53' north of east 

I>* 5 m/sec; at 23' north of east 
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9, Two particles of laass t&i * J kg aiid ftj * 3 kg are moving with 
velocities of 10 m/sec east m/stc due vest» respectively* 

Determine the velocity of the center of (nass^ v^, of the itysteta- 

a Bi/sec; due vest 

16 n/sec; due east 

C. 16 m/sec; vest 

D4. 9 m/sec; due norCh 



II^FORMATIQN PAHEt The Second tav in Ter»g of Momentua 



To utilise ^ewton^a second Imr ex^resaed in momentw tems in interpreting 
certain physical BicuatioriB end solving probleom related to these situations p 



^pheeis hna been plAced previously on the constraint that mass must be 
constant if the second law in the ^ovm 

IP « ma 

i$ to be valid* In a number of cases, the mase of che eyst^ continually 
varies so that this equation can no longer be applied* For example^ es a 
chemically propelled rocket tnoves^ it burns fuel continuoui^Xy so Chat its 
flwiss correspondingly decreases with time* Such problems are most easily 
handled by applying momentum con&ldeirationS and« for this reason, it is 
Important for you to be able to apply the second law In motnentum terma 
with £acUity» 

Sewton'fi expressiwi of the second law in X.atin» when translated freely 
in modern terminology reads 

The rate at whiah the tmmentum of a body ehoinges ia 
pi*cportioml to the resultant forae aoting on the body 
and iake& place in the direction of th^ Btraigkt line 
in whioh {Ac foi^ce aats* 

□r 

f - dp/dt 



next page 
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continued 

If the mass is constant^ the acceleration form af the secont! law is 
valid filtic^ 

Tdu will find these formulations of th« second law helpful in 
attacking the prc^blem^ in this s^ctio:^. 



10. Th« total m&ss of a systeta is 3 kg and the ttagnituds of the SySt<Hft*8 
moiaentufn Is ch&ngittg at the rate of 15 kg*^m/sec^. What is th^ m&^nitude 
of thfi net external force exerted on the syst^? 



lit The total nafis of a system Is 100 gm* and the magnitude of the 
ayetem^s iROmentun 1$ changing at the rate of lOOO gm-^cn/sec^t The 
magnitude of the acceleration of the center of mass of th« system is 

A. 1000 cw/s€c* 

B. 10 cm/sec* 

C. 100,000 cm/sec^ 
0. 58,000 cm/sec^ 



12. the tot^l m.ss of a systeta is 15 kg and the magnitude of Che 
acceleration of its center of masa la 10 m/aec** What la the tatc of 
change of the system's momentuta? 



ISFORMATIOM I^AJJEl Congervaxlon of Moa^tum 



Ttt a^^ply the principle of conservation of momexitum to thc^ solution of 
typical j^roblcM in which this principle 1* fowi. 



In ch« j>r«vlous secclon of chls segment of ycmr work, you made use of 
Efewton^s 5«con(i law In iQOiOBntum terms, th^t is 

f • dp/<it 

In vhlch ? ** th* resultant force acting on the syfitem, and dp/dt is the 
rate of change of momentum. 

It foXlovs directly trm this that If the resultant force on th« system 
Is zero, then the rate of change of raojaerituffl of the System muat also be 
zero^ which in turn Indicates that the Honwantum mWRt retnaln con^t^nt. 

If dP/dt » 0, then ^ * constant* 

In verbal fomi> this conclusion may be stated as follows: 

In any syst&rs of interacting paptiate^, the total 
v^atoi^ mam^nUfm vmains constant untees the system 
is <it*t6d on htf an external net foT^^^ 

This statement implies thAt» although the monenta of individual partlcInB 
may change from one i^tnent tc^ the a«xt, their vector suci retoalna the 
smt as long; as no resulfiant force is applied. 

Since momantuQ} Is a vector quantity, you must expect to use vector 
methods lt^ stmtlng up the ooitienta of parti1^Ie a^atems, ot in resolving 
a given particle momentum Into com|?onents. The problems In this set 
entail your recognition of the ifact that when the net external force 
Is ^ero^ motoentum Is conserved. 
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13, An S-toft, open*top freight Is coaatiuft at 4 speed of 5 ft/s^c 
Silong a frlctiotilcsa horizontal track. It suddenly b^s^inst to ralrt hard, 
the t^indrcps falling vertically with respect t<> grounii. Ass^j^mlng the 
car CO deep enough, so that the water <fo^Ja not spatter over the top 
of the Car, what Is thB apeed of the car after ic has collected ^.5 cons 
ii^ater? 



^4. A mldshipRian dives from the stern of a stationary rowbciat. His 
toass 1« 70 kg and that of tlie rovboar i^^O kg* the horizontal compoaettt 
of hi? velocity vheti his feet leave the ts ^ m/sec relative to 

die ^ater. What is the speed of tlie boat imffltediately after the dive? 



XS. A block of wood of mass M * 0.8 k£ is suspended by a cord of 
negligible mass. A bullet of oaas ^ * 4 gm Is fired horizontally at 
the block vith a muzzle velocity of 400 m/sec. The hullet renins 
eiabedded In the block* What Is the spee4 with t^hich the wood block 
(^vlth bullet embedded) Is set into tuotlon? 



16* Aa9un]a a rocket has an initial weight of 3000 ton* and a weight 
of 278<( tons after the fuel completely bur&ed. Fuel is consumed 
at a rate of 2840 lb/sec. After what time interval in seconds does 
the rocket attain its raaximum velocity? 
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17* Let V be the velocity of a rocket (ma&s m) relative to ground and 
u the velocity of the exhaust gases relative to the rxjcket, Newtoft'« 
second lev then becomes 



^ ^ dt 

To wbich of the foXloulng does this etjuatlon reduce if the rocket is 
being held stationary on a test pad by bolts- which exert * fotce 
on the rDcket^ 



A* IBS " Pb • 



dt 



dt 



1&4 Icitegratl)^ the rocket e<sueclon given in problant 17 yields 

V « - u lti\^ + fit 



For the rocket md data given in Px0hlm IS* detennlue the maximum 
velocity of the rocket If tbe exhaust velocity ot the geses relative 
to the rocket is 35,000 m/pec and the roeket started frodn rest* 
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tr4o us shown. rh« s^rtr^ ie not attached to etcher oasv^ The syst^ 

m d £rlctionl«sd tabU vlth a velocity v. At fiotne pMnt the 
ftttli^ Is cut ftftd the taas^fts |ly ft^rt alofig the otigla&i llns of matloii. 
the VelccltlfiS of uMli&s i^j and 4:ftcr t^Iesse are v, ^respec 
tivel^, Vfaat was the impulse tvipatted to laaaa m^t 



A. 



ZO* Fot' the *yBteTO tn ptoblBft 19, %?hat Is the Impxilee im^rt*^ 
to mi? 



5- 
C- 



^^(v^ - v) 



21* Por the aysteift In prohleai 19^ vh&t la the mcmenttna qI th-a center 
ot mass of the syate^ after the atrli^g has been aiid the masses have 
attained their final velocities? 



1/ -f V 



(mi + mj) V 
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[a] COKRECT A^iSWER: 2V^ fcg-m/sec 

Since non^conseirvative (frictiotial) forcas are ab9**nt, the total energy 

of the l>lock Is conserved. If the potential energy is taken to be 
2ero at ^olnt A. ve have 

« Kg + mgh (1) 

with the subscripts A awi B referring to points A and B, reepeotlveXy. 
Since 

(I) ^comes 

Solving fcr v^, w& hftve 

Vg *i/v^^ - 2fih 
th« rooaent™ Pg at r«*lnt B Is given by 



TRUE OR PAlSt? the teomentum of the block Is Jln«t«[xttdent of Its position 
al0ng the incline* 



[b] CO&KECT answer: is Qt 

Kiewton*$ second Xaw of motjLon can be e^i^re^ded a$ 



dt 



this shows that the force exerted on a body 1& equal to the time rate 
of change of Its %»{BentttA. Hence, the magnitude of the force exerted 
on the given ayatem is 15 kg-m/sec^ * 15 nt* 



TIOJB OR FALSE? Iti thle problem, lip/dt is e<iual to IS kg-m/eec^* 



1 
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CORRECT A&KWERs ^ 

The tOMl momentum p of a system of particles is b<{ohI to the product 
of Che total m^&B M of the syfit^m Bn6 the velocity of tbe center of mass^ 

Solving for v^^, we obtain 

* I " (f+^X^^S " ^ott) - ^ ./sec (23- U of E) 



CORKECT ANSWER; ^50 t^g^/aec^ 

Newtan^s second X^w of motion can be expressed as 

F » f » net external force (1) 

ThlK £how9 that Che external force exerted on a system is equal to the 
time rate of change of it& unomeatuR^ However, the net ^tetfifiX force 
exerted on a system is also given by 

* ^^cst (2) 

Where K 1» the total macs of the system and ^^i^ 1» the acceleracton of 
its center of mjiss» 

Equating equations <1) and (2) yields 

" ^ca " the magTiltude of the rate of change o£ momentum 
Sub«tltatlng nuraerical daCa» we obtain 

|£ » 15 kg XO m/sec^ » X50 kg-Wsec^ 

TRUE OR FALSE? The rate of change Of the aionieiitum of a ayatan on which 
a net force acta is numerically etjual to the rate of change of this force* 



SECMEMT XO 



ta] comer ANSWER: 1.99 m/sec 

If V Is the speed of the bullet and V th« speed of the block vtth the 
bullet embedded in it, then by th^ consarvation of momentum^ we have 



Therefore^ the rectulred speed V is 



(1) 



m + K 

Siibstitution of numerical valued In equaticn (2) yields 



(2) 



** 1.99 m/sec 



TRUE OR FALSE? The magaitude of the force of gravity actlflg on 

tha block and bullet is an ioiportant consideration In thl& soluClon. 



Ibi CO?m£CT AHSWEa: 5,2 ft/eec 

Therft are no external forces in the horizontal direction acting on the 
car^water system. Therefore^ atcwEwntuai la conserved, Thua^ 



m^v^ » m£V£ 



and 



^f * S ^1 • S ^i ■ ^ 5 ^'^'^^^ - 3.2 ft/sec 

m£ *- mjg 1 12.5 tons 

Jfote that* since the mass (or weight) of tht ayatem is involved in 
a ratio, no conversiorr to Blugs (lb) is neces&ary* 



IBtUE FALSE? this problem could ^ave been solved correctly }yy 
converting the weight of the car and the weight of the collected water 
to pounds before substituting the niunbera* 



ERIC 
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[a] CORRECT AKStfEU: C 



The itagnlto^e of the momentum is e^^^al to the mass ol' the automobile 
times its ST^eedt Since ^ * » " v/g and 



niv * " V * ^^^2^/^ X 50 £^ « 5000 slug-ft/sec 
g 32 fc/sec^ sec 



fb] OSRKECT ANSWER: 8*9 kg-w/scc 

if co\«e™Mv!^^^^^ ^^""^ nesUsible. the sysce* under c oris iderat ion 
ifi conservative, and consequently the totdl energy of the polnc ^a* 

SsT.Z'' POcei.tl«i eaersy l« taken to be .ero at the 

ooctom the loop* w« hav* 



(l> 



Where U the kinetic energy of the particle at point B. However. 

B 2ni * momentum of the particle at point S 

Therefore* equation (1) becomes 

Solvlag for yields 

« •'^ X 4 t 9,g X X 
■ 8t9 kg-m/sec 

™ OR FALSE? The fnoineiitum of the sliding particle is greater at point B 
than It was at point A, 



16 
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[a] CORRECT AK$U£R: A 

The Bioioentuft f of the center of mass Is equal to the s^m of the 
Imllvldual raomentap The resultant inotnentum in the easterly direction 
has a magnitude given by 

' (2 kg)tlO m/sec) + (3 kg) (10 m/eec) 
* 50 ltg*m/fiec 

In the northerly direction, the momentum 
h&3 a inagnitude 

Pj( « (2 Kg) (25 m/sec) * 50 kg-fii/sec 



From the vector diagram of ?£ and 
can calculate total momentum Pt 



P - vl^^E^ + Pjj^ - 71 kg-m/sec 

e • tan'^'(P^/P^) - tan'^l « 45* 
rinally, - 

^cftt * " ^^'^2 4. 3 + 2) - lO-l ffl/eec 



TRJE OR FALSE? The velocity of tSe center of mass of this system is 
determined by adding the individual particle velocities algebraically p 
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U) QOmE^T ATISVER: A 

Ttic total fflomcntuni of a system of Particles is eflual to the prtwluct cf the 
tctal mass of the system and the velocity cf the center cf mass^ 

? (m^ + m^) (IJ 

Where 

Where P^, aiid P2 velocities and vicmeTita cf the p«rtitle« 

cf tttass T«i and m^, respectively. Let the easterly directicn lie £tlctig the 
positive x-axls^fio that the westerly directicn will lie alcna the negative 
x-axlst Hence and V2 hpve components in the x-dlrectlcn cnly. Therefcre, 

« 2 kg >c 10 m/sec - 3 kg x 20 in/sec 

« -40 kg-m/sec * 

The ffia^nltude cf the tctal momentuia Is 40 kg-m/s^c at)d la due vest* 

Trcm eqyation (1) we have 

SubBtltutijn of the ntiEtierlcal values yields 

^ * 40 kR-m/sec . 5 ^/j,^^ 
^« (2 kg + 3 kg) 

Th« directicn cf v^^^^ is the saitte as that of the tctal iBcmentuiE P, l*e*, 
alOTig the negative x-axls* 



TK(IE OH FALSE? The direction of the center-cf-mass velocity vectcr la 
the dame as that of the total mcnantii^ Vectcr* 



IS 
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] CORAECT ANSi^'RR; D 

Introduce the notation arwl for the iDomenta of the and lO-kg 

particles, r^spoctlvely. tfe wane to calculate the angle e as shown In 
the diagram below- 




From the geometry ^ we have 

subatltute values o£ Pj and ta find 

tane * (2 kg « I m/eec)/(10 kg x 2 m/aec) 
« 0.1 

Therefore, 

9 • tan"^0.1 « 6* 
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(al CORRECT ANSWER; C 



The ^xLernal forces on the rocket are those exerted by gravity and the 
bolts, both downward. Since the rocket is stationary, dv/dt Ifi zero, 
and the "rocket eq:jatlon'\ 



<it <lt 



rodiices ID 



Finally* Che external force is given by 



^xt - + - 



[b] CORRECT ANSWER; 0 

The whole 9y9Um was raovitig vlth a velocity v before the strliig wag 
CAjt. H«ttcet V iB the Initial velocity of the center of ttiafis* Sine? 
the table Is frlctlcnless* the external force acting on the sydt^m* 
both bo£or£; and after the string le cut, i& zero. Therefore, the 
raoraentum (an<i velocity) of the system remain ^Jtichanged* The final 
velocity of the center of njass ig v and the toOTwentum Is (mi + m^) 



tHUE OH FALSE? The fnometittim o£ the stystera remains unchanged because 
all of the forces Involved In tblg Interaction are internal ones* 
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[aj ajRRECT ANSWER: A 

the mamenCuin of a System Is the vector sum of the .IndivlduaX taomettta. 



w 


N 


















$ 

1 


r 



5l - 8 kg X 10 K/sec - 80 Itg-m/sec; at 60* M of E 
Pj * 12 kg X 5 m/sec - 60 kg-m/sec; at 30* S cf E 
Ufiin^ the fact that and form a right angle^ we find 
P • ^/pp"T^ - /bo^TIo^ - iOO kg-a/sec 

[bj CORRECT iUJSWER! B 

For a dystem uhaae mass Is constant we have 

1 j£ , IQOO gmWsec^ , ^ 2 
m dt 100 gja '^w*^ 
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CORRECT ANSWER: C 

From the Impulse-momentun* principle we know chat to t±nd the iiopylse 
Imparted to we must corapuCe the change in the momentani of ^2- Thuu^ 



TRUE OK FALSE? Frlctlon^l forces must be considered when caleula^in^ 
the change in raotnentum of mas$ 2* 



COREBCT AK^VEK: 135 seconds 

The maximum velocity viXI occur at th« instant the fuel has been 
ccmsuiTied* Until then^ the ro^iket accelerates; thereafter^ it 
decelerated* 

The rocket is losing njass (or veight) at a constant rete* Thus 




" dt dt 



2840 lb/sec 



or 




and 



t 



1 tec 




lb 

ton 



2840 lb 



- 155 eec 



XR^S OS FALSE? According to the conditions given in the aolutJon, chid 
rocket must be tr:iveling horizontally in a vacuum. 



[a] comer ANSWER: 8 kg**s!i/5ec 

The known quantity Is kinetic energy 

where m is th^ loasB of the block, aitcJ v Is its 3p«e<J* 
Solving for 

«o the m<meiitui», p, is- given by 
* k 

[bj COtlRECT ASShiR: 1*5 la/ai^c 

The momentum of the system is aero before the dive* In the absence 
of an external force, mmnentw ia conserved during the dive; th^ire- 
fore, the momentum of the system after the dive is also zero* W« 
simply have to Bolve the equation mi'^i^ + m^^ix " ^ Thus* 

140 kg 



the minus sign Indicating that ^^^^ is directed oppoaiteXy to ^j^* 
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la] CORRECT ANSWER: 2?10 tn/scC 

With » 0 and the upward as the positive direction In th« given e<|uaclon 
obtain 



V - u Inj^l ^ gt 

The maximum velocity is Attained at t » 155 «€C> at which tltw » 27SO 
tortS- Siotf ffi(jg » 3000 totis and u * 55,000 m/aec, so 

""max " 55.000 1^5] * 2710 m/^ec 

TRUE OH FALSE? The weight of the rocket reaches Its nlnlmuift valu<^ at 
the instant that the rocket attains its maxiroura spfiad. 



[h] CORRECT answer: B 

Xha linpuXse imparted to ia 

* - - - **i^^£ " ^l^ ■ ^i^^ ■ 

This expression, however, Is not listed among the answer choices ■ 

tte may use Newton's third law of nwtlon wtiich states that the force 
exerted by on (with the spring as intermediary), is equAl to the 
negative of th<^ forci^ exerted by on ta^t Sinct the forces also act 
for the san^ dotation we have 




Using the result of the preceding |>robIem* we obtain 
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0,1 




0.2 




1.1 


I 


2.1 


3 




4 




5 




6 




? 


7.1 


^ I 





AS 9-S; 9-6 

Idfortnation Paoeij "Th^ Vocabu* 
lary t>f Clr^iular Motion" 

r p 



S73 rev/mlft (13a} 



1r~i I*— I 
00 



<ans> 



Itiformation Pan^^ ^ "The Character* 
Istics of Unlfona Circular Hotion* 



□ESQ 

If your first choice ms corrsGt^ 
advaiu:e to 1^1; if not, con- 
tinue se<{uence. 
T P 



|TJ [ direction Cna} 



^ g 0 

. A a c & 

vx'O 01256 in/sec(194 



V£^)-314 R)/sec (19a) 



(ans) 



10 



11 



12 



13 



i;i 



15 



16 



d.i 



9.1 



16.1 



SiCTtCN 



SEiF-PACSD fHYStCS 
SiCMCNT 6 



Inforaatlon Paoal^ "Ciintrlpetal 
Force" 

t f 



1 .85 sec 



(12a) 



If CQrrectt a4vancc to P 14; if 
not} contlniie sequence. 



A » 



10 ni/S£c (1Sd) 



30^ 



<ana) 

011] 



30 rev/mi n 06«) 



A i C 0 



T IF 



. _ T P 

I 23JB m/S€c (t7b j [x] [7] 



Hoaawork; HEt Problem 4-20. 



1 of 1 



NAVAi ACADEMY 



REVEALED 

STUOV Gutoe 



SELF-PACED PHYSICS 



sm 



NAM! 



STEP 



SECTION 



SfOMEHt 7 



0-1 



0.2 



2.1 



Reading: *HR Chapter 7 
SW 6-1; 6-7 
%t l-in-3, 7-9; 7-10 
AS 6-1/6-7; 27-1/27-3 

Irtfomatioti Fatiei, 'Vprk Done by 
a Constant Force" 

I 480 ft-lfa (gltTj 

If correct, advance to 4.1; it 
natt continue sequ^ce. 



8-1 



9.1 



□ □□0 HQ 

information Panel, "Algebraic 
Slgnf^ in Work Prnbl**nis" 

A > C P T f 

□QBE 

Information P^nel) "Unit Systtfms 
for Work and Power'^ 



10 



T F 



10-1 



A V V u 



30' 



4,1 



4,2 



5.1 



Audiovisual » WORK FORCE 
VARIES IW MAGNITUDE AND DIRECTION 

Information Pan^l^ "Work Done by 
a Varying Force*' 



If your first choice was correct, 
advance to S-1; if Tiot> con- 
tinue setiuence. 



11 



12 



13 



If your first choice vas cgrrect, 
advance to 14.1; if not, con- 
tinue sequence 
It 

A ft C P 

□ HQS 



9S0 watts 



(ans) 



75, 350 ft-lb/sec 
or 137 hp (35a) 



Cans) 



14 



T f 



10 nt 



("S7a) 



lit.i 



14.2 



(ant) 



□ ( 1 1 1 I 1 I II 1 

Information Panel* "Kinetic 
Energy" 



Audiovisual. KIKEIIC ENERG\ 

T P 



15 



300 i 



too j 



{30a) 



]□□ 



(;aii5> 



15,1 



tf correct 1 advance to 17<1; if 
not, continue sequence^ 
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U.S. NAVAl ACADEMY 



REVEAUO 
STUDY &UIOE 



SELF'PACEO PHYSICS 



STEP 



SKTION 



16 



17 



3-6 X 10^ ft-lb (23a) 



10 Fa/sec 



{27a) 



(ana) 



17.1 



Informacton Panel, "The Work- 



25 



26 



27 



100 ft-lb {27b} 



(ana) 



T F 



5 cm 



(32a) 



T F 



IS 



T f 



10 m/sec 



(32b 



100 



27.1 



15. 1 



19 



2a 



21 



22 



23 



If correct, advance to 23.1; if 
not, continue sequence. 



A i C O 

□□SB 

A B C D 

□ □□0 



28 



29 



29.1 



If your first choice was correct, 
advance to 29»1; if not, 
continue s«quenc6. 

A B C & 

A a c D r F 

Homework; Problem 7-6 



S25 lb 



{36a} 



2<> ■ 1 



24 a 



T F 



3 fn/sec 



Infocmatiori Panel, '^Composite 
Problems Inv^ilving Work and 
Enecgy" 

T f 



128 m 



{18a) 



1Q0 



If correct, advance to P 27; If 
not» continue seqtjetic&. 



U.S. NAVAl ACAOCMY 
NAM! 



7 



REVEALED 
STilOV GUIDE 



0.78 i 



(13a) 



36; 



171 



P u u 

000 



T r 



Slip 



17.1 



18 



Information Pan^l, ''A Composite 
Problem Using Conservar.ioTt of 

T F 



25 ft 



t18a 



SECTION 



SELF-(»AC60 PHYSICS 
SCGMENT S 



( 
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U^S NAVAl^ ACADEMY 



REVEALED 
STUDT GUIOf 



SfCTION 



SELF'PACID PHYSICS 
SEGMENT 9 



0. il Rt>iJding: MR 9-1, 9-2; B-'^ (opt) 



0. 



1.1 



trfi^rmac ion Panei , "Coord inaci's 
of Lhe Center of Mass i>f a System 
of Partit'les'' 



If your first choice was corr<:cts 
advance to P h; if not ^ con*' 
tirue sequence. 



If your f irsL t^ioict^ um!> ^ orr^^, t 
:advan(: t.^ to 10. J ; if nfa ^ i. i'tn- 

A B C D 



Parabola 



(8a) 



(ans) 



.of 



4a 



5.1 



5,2 



« a V u I r 

A % C D T 

If your fir^t choice was correct^ 
^^dv^nca to 5-1; if not, corr^ 



I 

Uo.i 



B C 



□ QSQ 

I 0.98 m/sec^ im)\ |~x] 



T f 



Homework: HR 9-4 



{0.0, 1.0) 



(lOa) 



f r 



TrLtorm.itioJi P^^rei, "Move^ment of 
thB Center of Mass'' 

ALidiovfsual, MOVCTENT OF CE^JTER 
or MAPS 



4 oi/sec^ 



fSb) 



(ans) 
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NAVAL ACADEMY 



REVEALED 
StUOY OUIDC 



SELF-PACED PHYSICS 



oa 



0.2 



5.1 



NAME 



Reading: *HR 9-3/9-6; lO-l/lO-^i 
AB 30-1/30-3 

Information Panels "The MctmfiTit uiii 
of a Particle" 



2i/? kg-m/sec (iza) 



If correct^ advance to ^.Ie if 
not, cipntinuG sequence* 

□□HQ 

j 8 kg-n/sec C22a]j 



8.9 k5-m/5ec (15b) 



T P 

(an£) 



InEoraiatlon Panel, '"Mc^mentum of 
a Syscem of particles" 

A g C 0 T F 

0QHE] 00 

If your first choice was correct, 
advance to 9.1; if net, con- 
tinue sequence. 

A R C D 

A B C 0 

□□□0 

A » C 0 



10 



11 



12 



13 



15 



STEF SECTION 



SiGMfNT 10 



9.1 



10.1 



12.1 
12.2 



13.1 



Infomation Panel, *'Thi? SeL^ond 
Law in Terms of Momentum" 



15 nt 



T F 

(ans) 



If correct^ sulvance 12.1; if 
noti continue sequence* 



T F 

I ISO kg-rn/sec^ (13b) [T| [ 7 J 



Information Panels "Ccnserv^stion 
of Momertum'* 

Audiovisual, CONSERVATION OF 

mimrm 



3.2 ft/sec 



(14b) 



3 00 



(ana) 



if correct, advance to P I6j if 
ncrt, contlrue sequence. 



1 .5 m/sec 



(22b) 



(ana) 



1.99 m/sGC 04a) 



T F 
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Step 


NAMI 


F 


STIF 


SECTION SEOM^NT 10 


16 

17 
18 

l9 

20 
21 


16-1 
19. JL 

2ia 


T f 

155 sec (21b] j jT| [7] 

(ans) 

If correct, advaiice to ? 1$; if 
ftrtt continue SG<3uence. 

A fi C D 

□QSQ 

1 2710 m/sec (23a) | 

(ans) 

□ □0111 

If your first choice was correct, 
advance to 21.1; if not, con- 
tinue sequence. 

A B C D 

1 — irif — ii — 1 

A ft C 0 T f 

□□□□ 
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MOVEMENT OF 
CENTER OF MASS 



CENTER OF MASS 



(a) for o solid ball 




(b) for a hollow ball 




FIGORE 



ILLUSTRATED TOCT 



(1) 



Th« centeir of mass of an objttct my be ^«acrlbed as that single point at 
tfhlth all of its laasa appaars to act* For object of unlfora density 
having soM tagulat shapa* auth as a st^lH wooden ball, lea taoter vf 
maaa la easily located to be at ttie seometrlt center^ as you can see in 
Figure 1* Finding the location of the center of mass for a hollov 
rubber ball ia no nore dif f lcult*-it toe is at the geotaetrlc center* 
even though none ot the actual maas of the ball la located at that very 
peint* 

Hany obJectSt having either regular or Irregular ahapea^ have tentai^a of 
mBB located In £pace*-probabXy the chair you are setting oa at thla 
tDOtient or the cup or glaaa you uaed thle morning are good exaoiplea to 
consider. For these objects, the center of maas acts In every way Juat 
as it does for ona having a center ^1 laaas within the medium Itself—as 
vlth the soli<i ball* 



EQUAL MASS CARS 



CENTEK OF MASS 
O 




cmm Of MASS 

o 




V ^ 



CENTER Of MASS 



K' 



■V" 

X' 



liUJSmXED TEXT 



(2) 



Fig* 2 



Th« concept of c«titer of buss can be a pwerful tool the study o( 
TOtion. since All tigld b<Miies> regardless of ahape> volume^ cr density^ 
can be considered to be iK>int messed acCed itpon by external forcea> 
thereby fsimplifyitsg the application of Newton's lavs of ttotion. 

A ta«»H that ^t firet Jieena difficult is the analysis of the motion of 
a body vhen internal forces are alao actinfi* tet*s see what effect^ 
if etty^ they B^^ht have* To do titis> let*s examine the effect of an 
explosion on the center of mass of a eystcaa censisticig of two ei^ual 
masacs^ In Figure 2^ you see two identical care about to be exploded 
apart by a coinpreflsed spring* Before the explodioa^ the center of oase 
of the ^sten is midway between the cars* When the explosion occurs^ 
each car receives an e<iualt but oppoaite force to the other^ for the 
sane period of timet giving each similar QcceXeratlons* at any tlne^ 

the centcir of moss of the ^yatein ran be found to be at the aa»e point* 
unaffected by the explosion. 



UNEQUAL MASS CARS 



CENTfR 

Of 
MASS 



CfNTfR 
Of MASS 

s 



□ 



2x 



^^^^^ 



CENTEd Of MASS 



S , ^ 

2x' 



PIGUKE 



© 



(3) 



Fig* 3 



Yott toay «eli a*1c» vtiftt woMid Have happened l£ two unequal ttastte» were 
cho»ent Let^s ret^t the expliuilda^ tM» tl«ke vlth unetjusl cars; aay 
tli«j have a msb tatlo oecveen then of 1:2* Once again the explosion 
will apply aqttal and o^poaite f&rces on the carst l>ut this time ono CRtf 
the llehter <met vlU acceletate at tvlee that of the heavy car, thereby 
itovlit^ twice aa far 1^ equ^ tlve< Consaquentiy* the center of mass of 
the eyatea renalna In the save poaltlottt unaffected Internal forces 
SB cofi jr«e by examining Figure 3* Am a matter f^t, evon if the 
two cars have doae initial velnclty while linked ti^ether^ their center 
of vaaa t^ld continue to move at that velocity c^en after the exploelon 
occurs* 




( 



ILLUSTRATED TEXT 



(A) 



Fig. A 



Befor« cloalngt let's apply these |>rlnclpie3 to some typical notion 
ptobleA. A t^c4 one to conalcler would be the motion of an explodable 
ball as It noves In a parabolic trajectory. Here, In Figure A, the ball 
Is subjected to Bom Initial accelerating force^ and a cotiatant gravita- 
tion force* both acting externally. aB well bs bio. Internal explosive force. 

Before the e*?(>X04» i th< hnll travel? Intact along a parabolic path 
duvern^ by the e££ecta of its Initial velocity dn<l gravitation. The 
ball la theu expioded Inta fra^m^nts* each ^vlng away from the center 
of gravity at a rate dependent upon the explosive force and Its alae. 
rtnd each still la af.^ectco by the Initial velocity and gravitation. 
Since the explosive Internal force has boen shown to have no effect on 
the center of gravlt^^ Ita motion continue? along the parabolic trajectory 
an though the ^nll h.nd rcnialned Intact. 
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MOVEMENT OF 
CENTER OF MASS 



CENTER OF MASS 
(a) for a solid ball 




(b) for a hollow ball 




FIGURE (\ 



EQUAL MASS CARS 



C£NT£R Of MASS 




CiNTi^ Of MASS 
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■V "V — ^ 

X X 



CENTER Of MASS 



X' 



X' 



FIGURE 



0 



Rir 



UNEQUAL MASS CARS 



CfNTfR 

Of 
MASS 



rO- 



OF MASS 

2 



\. \^ — > — -y,! / 

2x X 



CENTf R OF MASS 




2x' 



PICEJRE 



® 



DIAGKOSTIC TEST - DELTA 



A mile ie stpproxiTnatcly *^c(uiv.Tlciit to: 

(A) 1.6 hx^ 

(B) 0,6 Icm 

(C) 0,45 kn] 

(D) ic^i 



T*0, 2 RR or CU 

In the cqu*n:ion for coiistcint Vt^lof^Ity 

t 

(A) X and Xq depend upon the frane o£ refeieace *3nd t 
does not depend upon the fraua of refere.nce 

{B) X and do n(5t dopetid upoci the frame of reference 
and t docs depeticl upoii the frame of reference 

(C) Xqi ^nd t depend upcn the frame of reference 

CD) k> Xq^ and t do not depend upoii th$ frame of 
reference 

Express the Si^ of tbe numljers 15, l^iO^OOl, end 0,57 



<A) 155,571 

<B) 155.57 

<C) 156' 

(i)) 160 



TvYi forces ^ici: si:rMlta:ioc>usly oa tho s?,r:e Tixzlv 
values firo 5,0 nc at: 045.0^ and 5.0 nt at ISO.O^ 
Thr direction of the resultant force is 



(A) Beti^Tcen 0** am 90** 
<B) Bettjcon 90*^ and ISO** 
<C) Between ISO^ auri 270° 

(B) Betvcicn 270^ and 360^ 



5700' 



The tenter of inass of a hoIlciJ sphere 



00** 
N 



0?0.0' 



<A> is locate:! at the gaomctric centar even thougli no ub.sb is 
present" at th^it location. 

(B) is disLributed th^ou^hcut the mass sir.te it cannot bs 
loeated in £inipty space. 

(C) dees not exist at all fox a sphere v7ithout raats at its 
center - 



<D) forms its cm splt&ricel siitface ^'hlch toucliSE ever>vhcre 
the inside surface ef the bolloi; sphere. 



rs 



A boy throvrs a baseball vertically upuard. If the ball is 
caught 4,0 secoads later* v/hat height did it attain? 



(A) 264 c 
<B> 78 m 
(C) 64 ni 



<D) 19.6 m 



7 



la wliich one of tlie fcllp::ln^ ^i^iphs can be sure tl^itt 



t 

<B) 2 



(4) 



<C) 3* (D) 4 



In tlift fetation 



a = acceleration and t >=' time. Fron analy^'s oi: the 
dlmenslonSj 0, is tlie equation of 



(A) position 
(S) speed 

(C) acceleration 

(D) has na meaning since it is 
dijnensior.alty iTiconsisfccnt 



To test for the gravitational a:;celeration, v , k^,, 
dropped fro. ..St frm a h.lsht . and fahs'^fcr thftiL 
^^L'VT S-vit.tto..l federation/ g/'::. 



t" 



4ni' 



2m 
t 



2 



velocity to solves. 



A nail walks t:a::/ird tli^^ r^ar .m" \c^vi:.^ tr.un li;-. \ 

Is observed by 5 station attcftdnnt st^nJi^iij o^i a 5t.iLii:>i: pl.afor 
If the train moves to the ri^lit at 10 ft/soc rclnbivo Lo^lv: 
statlpnery platform- observer g ^diile the valkir^ n^ni novcs c^t 
$ ft/see to the right relative to the s^r^^c stt-^tlon £ttt(;ndcnt; 
hw fast does tho msn wA^k rclati\*« to the craii^? 

(A) IS ft/sec to the rl^ht 



<B) 16 ft/sec to thu le£t 



(C) 2 ft/sec to the rifiht 

<D) 2 ^t/sGc to the left 
r.O. U CO 

The iastantaneous velocity majr be deteriiilt^etl from 
V only for 



(A) v;irlable acceleration 



(B) vari^able velotity 



(C) corstatit acceleration 



(D) constant vt^locity 



A baseball player hits a fly ball whose trajectory reAchos a 
m?^Kimuffi het^Kt of h; the time the OMtfieXder has to posiMor. 
himeelf for his catch can be founc? by; 




A 



T,0, 1" 



How lortfj does it take for a force F to chau^*:; ibi' spoed of .in 
object fre>iit v^^ t^^ v If Its n^.^iss Is n? 



t ^ 



t « 



t 



Fm 



t 



Fin 



T,0. 15 

llie wei^ltt of an ^i^lrrm^iat O'ciss ri) ir. orbit at an 

aJtiEuc^e above tho Bartrh (mass cqu^l to the Er.rth*s 
r?dius, R» be f'.;iMirT from 

». tf = G f|j 



CR 



T.O. 16 

A Tnact triss t& push his ^.tailed car og a level road. The 
naxinmsi force he Is able to apply is F, but this is 
1^!?;;* :.:r-:^t to move the car. The reaction to his force 



<C) 2F 



CR 



(B) 2«E0, filiate the car ^oes not tr.ovc 



(A) the sino of the ^Ji^^^le of , iPcl Irt^t ion. 
<S) the cosine tlic^ angle o£ inclination. 
(C) t*irr tf^ngcriif: of the ^^n^l g of incl^'rifiticn 

(B) a utore con^j^lo: fimctic^n of the rii^lc. 



The psr^cd of each rovol^^tioi-^, t, of aa object movln:; c^^^hr^'^j 
with a speed v in b circulevi' p«Lh of r<idiu;i r Ca^ be 
expressed 



(A) 


2Tir/v 




v/2Trr 


<c) 




CD) 





A ci)in of nasG m I5 pl;iced on a stationary phono nirntabie 
at a distance r froisi the spindle. The .witch is tunic^I on 
and the turr>t;5bl€ begins to accelerate, 1£ the cocff ItUtirtts 
of friction at£! Tcs^i^^ctivciy anct (static and k^n<3Llc)^ 
the maguitiJdc of tho c^^ntripctjil force on the coin just 
before the coin starts to slide is 

A. F^. > Us 



Bon€ of tlt<* above 



aud X ar*'. in the s^^rio diioc t j on) . Tb'' :;.^r' i\ ; I v 
this force is 

A. +k!t 

+ 1/2 kx^ 

C, - 1/2 kx^ 

-f- 1/2 kic 



21 CU 

A wornaw br^ir^s to lifL a paiJ of out of a weH ; tli^^ 

inxtiaJ total x.-Qi^ht is The paxl has a Jc^ril:^ hoje.'ci> 
aiid as thts pail is lifttid a distaiice iratcr is filov'Jy 
lost, Tht vci^k of thi^ mti^ia i$ 

A. Wy 

Dp unable to be ^3c^^:^;n.:inec^ fvcn the 



The power P aevcloped by a i.^ichine i^liich doe=J iin ai^ouut of 
vork Vr in tiaie t is 



Which of the folio^^rin:: :iLviLc.. L\it/. L^s ■. ir\^-^1 

(A) Onc-tiL^lf of ihci proJL.cL cjf tlie rM^;>, ^'^^ 
body arul the s^iLuiro of its s^^c-Ol-! c^l^l^:*d 
the kinetic energy o5 the hotly. 

(B) TUq vork c^or^c by tli.'^ resiilv.;int foicf^ i^ctiji^ 
on a h<ic\y Is eqii;vl to iha rhr-^^i^c in Oto 
kinotir ehc^i^y of the body. 

(C) ThG> Idivi^tic cnc^Vi^y cf a oody in nut ^■^n i?; 
to rcsL. 

(D) Thft KiucLic oiiieri^y is j fi^ncLion of t>ositiou 
whose neC^tivf^ dL^ti\.f.Livi.> givci; tiiG force* 



Vhich of the follovin^; forces is not cf^^^=^c^^^^f ^^'^^^ 

(A) the fri(;tion*il force 

(B) thcr ^gravitational force 

(C) ttte foi'Cc ei:f:rLcd by an itJcfil soring 

(D) the forci* exerted on a ch;:ir^€! in &n 
electric fitilcJ 

T.O. 25 

the statensent of the coflservatimi of mec3i:.nlci£l eni^rijy is - 
CA) ^- fiD =s 0 
(?) V^^ « AK 

« 0 

vh€t<^ if- th^ i^oxk <jlcne by noncou::^5rv^tiV(* fcicccsi- 



^nor^y equal to 

(A) mgx 

(B) mkx 

(c) 1/:? kx 

CD) 1/2 fcx2 



T*0* 27 CK 

The E^iiss (5f a sinplo pcnduluri hoh is It is <Jj[rpj:r^L!r^ 
slightly frotni it^ ct'UilibriuiD ftcjitioa such th;^L the bch 
is Lei^Jit: h above its crquj^ibriuin ItvcO , It if: n^D^r 
ti^ld^^i&Q^l iro:u rcrsUp Its voloeity £it Lbe totLo.i its 
&wiriC can co^iipvtLed froi3 

(A) R^a^i K 1/2 riiv2 

(C) 1/2 iih^ - 1/Z mv^ 
<D) « 2v^ 

the ce-Titfcr of n;;5£ of a circular riii£7 

(A) It 1$ th^ euMre cuter ^^rf^aee of the rin^j* 

(B> It cannot b^* the geojuttricil center of the T^^ng l^^cause 
ther<i is no wciteriftl at this p"oint. 

<C) It My bo exterior to the -^g. ^cpet^dinfi -j^xjn ihe mass 

(l>) It is the gccK^^etricAl cci^t^r o€ the vhi?n the 
mass distribution syii^nGtrical aroucd the ce^tf^r. 



> 



of this sysLo^rs 



(C) beco^iiOfi closer to the lighter p^nrtrJclc furuTK^r T^lw 
tho her.vicr particle. 



(D) bccct:ves closer to both pcirL^cIt^?. 



T,D, 30 

Two hodics each of ma<^s 3 kg arc ^,ovi«s ^^^;5t.:-rd; 
with a velocity of 2 k/scc, the othtir with a vcJocitv 
Df ^ Hi/scc. TL^i r-.-gtiitiscIti of the toLal ^^oi.ci.tu- ' 
the FystcrLi Is 



CU 



L fi^f ^ floor it^ initio vclacity ....klr^^ 

IT ""^'^f "^^'^ ' '''''' <^^^- t-^^^t JSi- 

(A) vctti^:;aiy t^iVMiJ 
(B> vcrticolJ.y do;;rs:;ar(! 
(C) at an ^fij^In 9 u|v;<^ird 



RIC 
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SAMPLE contpetench: chkcks 

SELF-PACED PHYSICS 

4-2-2 

A particle is s<?t ±n motion along a horisontaX frictlcmless surface at 
A speed of five itei per second. What Is its speed at the end of seven 
secoi.^ia? 



A man lowers vertically a 50-lb bail at a conetaftc of 3 ft/ssc- 

The magnitude of the force he applies to the ball 

A- decreases as. the ball descends. 

B- Increases as the ball descenda. 

C, is less thBn 50 lb, 

0. is equal to 50 Ih, 



A Bled moves fron rest along a straight horizontal track with a con^scant 
acceleratiot^ of 10 ft/sec^. At the end of ten seconds (10 sec) Its engine 
cuts off and it comes ro r^ist uith a constant deceleration o£ ft/sec^- 
^at is the total distance travailed by the sled? 



A- 


1,750 


ft. 






ft. 


C- 


5on 


ft- 






ft. 



1.250 tt. 



A projectile has an Initial speed of 176 ft/s^c. Assume that the 
prii^ectlle is initi^iUy at '*roimd Jevel^ and that air resistance i 
be neglected. What the maximum range of the projectile? 



A, 


2A2 


ft. 






ft. 




726 


ft. 




968 


ft. 




1,210 


ft. 



4-11,4 

^f€a^ the surface of Saturn, objects fall with an acceleration of 
11p8 Tfl/sec^-p What is the weiglit of a 4000 gtaa mass at Saturn^s 
sv^rface? 

w ~ 
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Our new book h^s innovative pe dag of? leal fi^aturesi, but it J*^ 
de?ii(;n^ed s!D thac the instructor may use it as he would anv other 
introductory pKyr5ics text. No revisions in syllabi or lectures ^re 
rex^uired — the topical coverage is a familiar one. Reading and hrnne" 
work problems can be assigned ss usual. f:our»e, the instr-jrtur 
may ftreatly tncrtase the effectiveness of this book through his active 
participation i 

A feature of the text Is an emphasis on problem fiolving. '^^^JlCh of 
the exposition Is in the fom of ^Jroblem stsitementa and their soiutions* 
It is reasoned that since students are te^^ted and evaluated by probl^ims, 
prohlem-otiented instruction is most rele'cint for theTn. A consequence 
of this emphasis Is that the lecturer may safely spend rucre tine bringing 
phvslcf? to life for his fitiidents* and les5 tlitte grinding through exainples. 

Th^ co^urse ohH^^tlves are embodied in pti^^blem stat^ents^ the 
Cope problems, jhe importance of sacr ^o^l-dlrectlng problesks can 
hardly be over enphasiEeti. If rest qtje.stiOniS are distributed well In 
advance of a coW^rrtional exaiainatlon , test t^erfortnance is predictably 
high^ Similtir high achieven»ent can be expected if, in order to avoid 
outright memorisation, the qtiestions for advance distribution are kno\^ 
to rtiinot variations of the actual examination questions. When such 
^ rest and its precursor are eiipamded to cover the entire course consent 
at appropriate levels » then have a rough pars^ilel to this go^l-directed 
approach ^ 

Core proble:ns correspond to test tlue^tions distributed in advancen 



^^ariatlons the&e are call*jd L-hrr'e- rp"'r).^ prcjbl^ms ^md can viewed 
corresponding to terminal exansinat ton <iu&$t f tjnfi . Of ^oii.se, a core prfm^ 
^TobltJtn in \}seA as a self-test rather than art iiis crunt^nt for gratilnR. 

EiCh ser-clon tfje text begins with n dl^itiuJision of theory foUowed 
hv the as.'^oriated core prohleitt statement. A Ktudevit can att<?Tnpt tr f^oiv^ 
the core problem ^pd then choose one of three options on the basis of his 
Performance: proceed tc cKe ne>it Section^ attempt to solve th*^ core ^rlme 
prohleiBj f>r read and work throuj^h a seqtience of anahiing problems which 
ilitJ^4tr.lt^^ maj^jr iit^ps In the solucion of the core problem, Th<i format 
for a section is; 

Theory 

Core Prohlem Mi^ Sclution 
Enabling Problem 1 and Solution 



Enabling Problem N and Solution 

Core Prime Problem 
Thus J when a student is able to aolv^ a core problem with cotif i'ience * 
he tnasjmize^ his progress by moving directly to th^ next s^ctim. Some 
studencs expect that they can execute problem;? similar to the core after 
having seen the correct sgliitign. Often, such fitud'^nts have made ^ minor 
error in tt^^ core att^ only need a siinilar problem for practice and reln^ 
fflrcfiiJiftnt; this is provided by the core prime problem. When a student 
incorrectly a&sesr .s his abilicy to solve the crre primej or when he 
r'^alizes that his understanding g£ the core problem Is deflclanc, then he 
takes the ^nablin^^ t>robiom sequence* Th*t core prime problem is always 
encotjnter^ at the end of the enabling sequence. 



The? text should have special appeal for ?;tud^nts because it teaches^ 
tho^se facts an<3 skills wMch are generally re^sted. Wh&n ti f;tud?nt can 
solve the core problem or Tninor modification thereof ^ he has attained the 
learning objective- l-nlike Most conventional KeyLSt the student knows 
exactly wh^tt is expectet^ of him, ObviousIVj ttie instructor caft corttri^ 
but^ fireatly to the intended plati simply by declaring that hljj tef;t 
<5uestif)RS T^iill be either variations ot core ^jroble^ms or fragments of 
rore problems p 

It is not surprising that many prcjfessionaJs regard such goal* 
directed teaching as tant^imottTit to cheating* They have tacitly accepted 
that an examination in basic physics really should te^t more thati was 
taught; it should help determine scientific (^titude^ orig-inaiity, and 
'it':a(;)indHon , This may serve a useful Purpose* but until we knew how 
to teach these qualities it seetns reasonable to separate them from 
examltiattons Purporting to measure fe^infj in ktiowledge. 

The principles ^tid :^ppre>ach taken ix\ the hook have heen found to 
increase performance on the objectives (core problems) by 57% over the 
traditional fotTr.at of a theory section alone, 

Each chapter concludes with a set of r&vi&h) problemSp These are 
catego^ ized as "A" and '"B^' probletns corresponding respectively to simple 
exercises and c ore - level problems. The '*Overviev'' serves as an example 
of interstitial material which will intrtxiuce all major topic areas^ 
(mechanicSj tberinodynainica , optic<s, vave motion, elec trotnagnetism, and 
modern phy&lcs) , 

Finally* the hook is ldt>ally stilted tz self-study. Perhaps an 
unusual application of the hook will be to abolish convertional class 
ttieetings and schedule hours during uhlch the instructor ia available tor 
more Individualized tutorial assistanc^ip 



CHAPTER IQ 



SAMPU 



LTJJEAK MOHENTUM 



1 



LlW^x momentUTo is a i>hysic*3l quantity which, like mech^nic^sl €inergyj 
I5 conservfiti under cercsirt general conciitlans . Much of the beauty and 
yclilty of such conserved quantities is a result of their relating '*inl- 
tial" atid "fitval'^ evet^tfi inithovit cotvsideratioTi of detailevi iiiT-tinnediate 
processes ^ 

In this chapter, aur objectives are to define momentum both for indi* 
vidtial ptsrticXea aud systems of psrticXeSt an^^ to introduce the Principle 
of conservation of moraentum. 
10-1 The Definition of Moiaentu^tt 

The linear iiiomeritiim p of a particle Is the product of the mass in and 
velocity v: 



Kotlce that tnomentum is a vector qtiantity^ so th^t in or^ier to st>ec-- 
ify the momentuan of a particle comt*letely» the magnitude and direction 
laust both be given. 

Linear momentiini is S<y named to distinguish It from angular mome^itun], 
although tfiost often » linear niojnentum is ref-erred ttt simply as momentum. 
Wo special name is giv^n to its u^ilt; it is slug--ft/sec in the British 
syatem and kg-tn in the MKS system* 

The definition of momentuta tot a particle also applies to teal bodies 
when all of the mass of the body l& coasidered to be concentrated at the 
center of mass. 

This problem section requires that you determine the magnitude of 
moMientum for a body of given mass u&ing energy considerations to find 
the velocity. 




<10-1) 
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PROBLEM 



A 2-kg block slides along the frlctlonlesa track shown In the Ci^^ur^. 

If the block's speed at 
- point A la 10 ra/seci^ vhat 



T 

B 



5m 



is ehe moet^ncum In kg^nj/sec 
of che block at point »? 



SOlUTiaN 

Since noii-consetvatlw (frictlonai) farces are absent^ the tt>tal energy 
of the block is conscrvisd. If the potential energy le tak^n co be 
zero at Point At w h^v^ 



vlth the subscripts A and B referring to points ^ and B^ respectively t 
Since 



(1) bfico^es 



Solviitg for we have 

and the mofflcntum Pg at point B is given by 



2gh 



B A 
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ENABLING PROBLEMS 



1. A 5200-lb automobile is heading north at a speed of 50 ft/sec* Its 
momentum is vector directed north with a magnitude of 

A, 160,600 Ib-ft/sec 

160,000 slug*ft/sec 
C* 5,000 slu^-ft/aec 

5,000 Ib-ft/aec 



The magnitude of the todtneatuia 1& e<|u^l to tl^fi mass of the automobile 
times its spee'J- Since v * mg^ m ^ w/^ 2nd 



2. A block slices with coti^tant velocity <lowii att Inclined plane* 
The kinetic energy of the blotk is 16 Joules* Wiat ifi the magnitude 
of the block^s momencuin in kg^^n/sec? 

SOLUTION 

The known quantity Is kinetic energy K, 

where m is the mass of the hlock^ and v is Its speed. 
Solving for v, 



SOLUTtOK 




^ 5000 slug-£t/sec 



V w /2k/n 



so the niofaentum, Is given by 



• ft kgHBl/seC 



4 



COMPETENCE CHECK iQ-l 

A particle of mass m * 2 kg slides down a track to ertter an Inside 
loop c£ radius R * 50 cw shown in the figure below* Without losing 
contact with the track at any ti'afi, it starte from re«t at point A- 
What Is Its iftOttentuffi at polGt Kegl«ct friction. 
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10-2 Momentum ot^ ^ Sjrstem og Particleg 

The total inoEientu^ P of a system of n partlties is simply the vector 
atuin of ail the Itidividual particle momenta: 

Total Tnomcntum is directly t«late^ to the velocity v^^ of tEie sys* 

teia*5 center oi. tnaes, To see this, we differentiate the center of m^ss 
coordinates 

iAii ^ ^ y 1 ^ ^ ^i 

with respect to time* The restjlr is 

or, using th€ definition of momentum, this becomes 

The numerator of this expression is just the total momentum F and 
the dencnninator is th« total mass of the system M, With these substi- 
tutions, obtain the uaeftjl resdlt 

5 - M?^ (10-3) 

The problem section involves finding th€i cot^i toomentum ai^d center 
of mass velocity for a pair of j^articles whoa^^ masses a^d velacitiss ate 
kncwn, 

PROBLEM 



T^ particlef^ of t^a^a 2 kg and 3 kg re^p^ctively^ are moving with a 

fipeed cf 10 m/sec due cast* A thir4 particle of tnass 2 kg Is moving 

with a speed of 25 m/sec (3^^ north, Detensliie t\^e velocity oE the center 

of masst y^^t of the systen of three particles. 

A. 10.1 m/&ec At ^5*" S of E 

10.2 K/sec at 37* N of E 

C. 10-1 ft/sec at 37' IS of E 

20*2 m/eec at 43* IS of E 



i 



I 
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SOLUTION 

The momentum ? of the center af maas is equal to the sunt of the 
individual montenta« The resiultant monentucn iti the easterly cJitectian 
has a magnitude given by 

- (2 kgXlO m/iec> + O kg)ClO tn/sec) 

- 50 kg-m/sec 

In the northerly direction^ the moraentiim 
has a magnitude P^r 

P[j » (2 kg) (25 H</6ec) * 50 kg-m/sec 

From the vector dlas^ans ef and ?y* 
ve can calculate total mDimentujn 



• ?/H * 71/(2 + i + 2) * 10.1 m/aec 



ESABLING PROBLEMS 



1* TWe 1>odled in a system have msft&e^ & kg and 12 kg and ^re moving 
vith veli>cities 10 m/aec at 60* north of east and 5 m/aec at 30* eotith 
of east, respectively. The magnitude of momentum of the system Is 

A, 100 ks-m/sec 

B. 140 k^-tn/sec 

20 ks^a/sec 



I 




SOtUTTOlff 

The fflomeotum of a syateft Is the vector sum of the ?,n<Jlvl<Jual momenta* 





N 




w 














S 





" 8 ks « 13 tft/aec 80 k^-n/B^c; at 60* K of E 
?j * 12 kfe X 5 m/e«c - 60 k^-a/sec; at 50" S of t 
Using the fact that znd form a right dugls^ ve fltid 

p * V'pi^ + Pj^ - y $0^ + 60^ * 100 kg-W«e<: 

2> .\ particle moves due north »t a speed of 1 ffl/sec* A second 

particle of mass 10 kg moves due east at a speed o£ 2 m/sec^ ^at is 
the direction of the total moeientuitt of ih^ ayf^tetti? 

A- 16" north o£ east 
12^ north of east 
C 6"^ north of east 
D-^ 6* north of east 



SOLUTIOK 



Introduce ch« notation and for the momenta of the 2-k& and lO-k^ 
Piirtlcies, respectively. want tc calculate the angle 0 a» shown in 




Trota the {tcometry^ we Uave 

tan0 " Pj/Pj 
subfttitvt* values cf Pj and to find 

tane - (2 kg X 1 m/sec)/(10 kg « 2 m/ sgc) 
« 0.1 

Therefore ^ 



3. A system of particles with mAss«^ of 8 kg and 12 kg has a total 
tftomentum of 100 kg-m/aec at 23* mrth of east. Dctetnalne the velocity 
of the center of mass of the system. 



A, lOO m/sec^ at 23*" notch of e«st 

140 Tfi/sec; ftt liue north 

C 20 m/sec; At 53* north of cast 

D. 5 tn/aec; at 23* north of cast 
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Tde total mometitw p of a syatean of partlclfia is ft^iual to th« j^r^duct 

or the total mass M of the system and :hfi velocity of the center [>f nasSt 

Solving for v^j^^ w« obtain 

« i «||2Jg«ip (23* (3 of £) - 5 ft/sec (2^ K of E) 



competence: check 1D-2 



Two particies of raass aj « 2 kg and m2 « 3 >t« are moving with 
velocities of 10 m/sec due east and 20 W^ec west, resj^eceiveXy^ 
Determine th« vel^lty of the center or ^aa3S^ v^.^^^ of the systeiu^ 

A, 9 m/sec; due vest 

B. 16 tti/eec; dtie east 

n/sec; dtie west 
0, S m/sec; 6u€ north 



10 



Mass raust b6 cOTistattt if tUe second law in the fo^tn 

is to be valid. In a n^itftbcr of cas^s^ the luass of the svscfiw ct5ntitittally 
varies bo thAt this equation caa no lonpfer be 3pT»li.ed* For example* aa a 
cheeaicaJly propelled rocket Kioves, it burnfi fue3 continuoiisly bo t^iat lira 
mass decreiases with tim^. Such problems are tnost easily handled by 
Applying Ttioinentuw cotisideratlons and* for this reason^ It is important 
to be able to supply the second lav in mota&nCw terms* 

Newton's expression of the secot^d i«w in Latin, wb^ tramslJited freely 
into ttio<)ern terminology* r^sds 

yj^^ ^^^^^^ mom^tum of a body changes is 

protK>rtional to the r^gultat^t force acting on th^ body 

an(j takes place in the dttrgction of the strai ght Unfe 

in > ich tl^^ . foific e a cts. 
In e<iuation fona^ 

F ^ dp. :t (lo-A) 

If the mass is constant, the Tnore fainlliar fom of the e^rond law 
is valid Binc€ 

r = dp/dt ^ d(mvJMt « dv/dt * tt^ft 

Force and the rate of change of momentum iftust he equated to solve 
the following problem. 

PROBLEM 

The total mass of a sy^tein Is 3 ^ and the laagTtitude Of the system* A 
momentum Is changing at the rate of 15 kg-^m/eec^. What is the magnitude 
of the Tiet external force exerted on the system? 
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SOtUTIOK 



fJewtofl*s second law of motion can be «xpr«ss«d «6 



This abowfi th^t tti« iorce exerted on a body ts- equal to th% time rate 
of change of ttu momentura. H^nc^^ ttie mgnltude of the forc^ eiccrt^tl 
on the glveii system la iS Kg-a/sec^ » 15 nt# 



The total lasa of a fiyfit«« 1$ 100 gift* and tbc ttagfjltu4c of th* 
&yatett*6 momentam Is changing at the rate of lOOD gtt*cm/*ne<t'* The 
masnltutle of the acceleration of tb« center ot «a«8 of the system is 

A. I6o0 cst/sec* 
98,000 cm/sec* 



Fcr a systw vhoae maaa is constant ve have 




(mr) ■ m 



dt 



SO 



m dt 100 em 



CQMPETESCE CHECX 



The totAl masB of a system is 15 kg attd the etagnltude of thA 
acceleration ot Its center of mass Is 10 m/sec*, What la thft rate of 
charige of tl«s systein*? momentum? 
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iO*4 CottjieryAU on of Momeritma 

Ccmsiicfer a ^yste^ of ii partici^s vlth total moinetttiim P, 

p * p, + + . . , + 

This eqtiarian can be dif fetentiated with respect to time to obtain 

dt " dt dt Al 
Ndw introduce Newton's second law in momentoBi terms, 

in which is tlie force acting on particle i, with the result 

Tli« right h^d $ide of this expression i$ tha total fc^rct^ acting on 
the system. Force*$ between th6 particles due to th^lr mutual interactions 
{called i- t^mal f&rc^a) nay be ignore^^ in this sum l.caaae^ by tb^ third 
law, the action and reaction forr.es are In n^gnltu^e but opposite 

In sign and th*;ir ^uifi is zero, it follows that tbp right of E<i. 

(10-5) is just the resultant of all external forces due to agents cut- 
side of the system ot particles; 

dt ^ (10-6) 
When "he net eKternal force is 2^ro, we have 
4F/dt * 0 

and the iftotftenttm of the systeo is conserved, 
? constant 

Another way to express this jirlncipJe is to ^tate that 



^T ien th e net extamal force acting j>n sys- 



tem is zero, the total in i tial momgntum is 



^qnai to the total f ipaX mcmteotuni 




■> 



(10-7) 



P 



initial 



final 



Note that this if; a vector ^qujittan ubich can be reduced tc compcm^nts 
when nec^sary. 

Problems in this set entail recognition of the fact that whtsn 
the external force is zero a given dlrectfon^ rhen the component 
of momentum in that direction is conserved* The principle of Tnomantum 
conservation i& applii*d to find the final velocity of a body moving In 
one dimensiofti. 



An 8-ton, open-top freight car coasting &t a speed of 5 ft/stec 
^long a frl^tlonle^s horizontal track. It suddenly begins to rain h*irdi 
Che raindrops falling vertically with re?spect to ground. Assomlngj^tlie 
car be de6?> emough^ so that the water does not spatter over tbi^ tPP 
of the car^ what is the speed of the car after it has collected A, 5 tons 



Th«r€ are no eytertial torvps In the horizontal direction acting on the 
car-water aysCem, Therefore, wom^Titum is conserved* Thus, 



PROBLEM 



of water? 



SOLUTlOtf 



and 



V£ • 



" 12.5 tons 



S_tons_ 



^ 5 ft/sec * 3,2 ft/sec 



Note that, sinc« the tna^a (or weight) of th^ syRtem ifi involved in 
a r^tio, tw coaverslon to slu^s (lb) la necflissary. 
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E-lflABlXHG PfiOBLtIM 

A swimer dives from the stern of ^ stationary i-^boat. His 
inasfi is ?0 and tKat of the rowboat 1^0 kg. The horizoiital component 
of his velocity when his feet leave th« boat !« 3 m/sec relative to 
the water. What Is the speed of the boat Irmnedl^tely after the dive? 



SOLUTIOK 



The tu^etvtum of the sy&tem Is iwo before the dive- Iii t^ie ^b&ei^fi 
df an external force, momentum is conserved during the dive; there- 
fore» the moaentMSi of the system aft«r th« <Jive i& al&o itfo- We 
simply have to aoive the ectuation ^i^i^ '^z^zx ^ ^ ^2X^ Thii5> 



tt^ 140 kg 



the minus sifin indicating that ^^ic directed oppositely to ^i^* 



competence; check 10-4 



\ block of wood of tnasa M " 0-8 kg la ^uispende^ by * cord of 
TiBgllelble mdSJS* A bullet of mass a " 4 gm is fired horizontally at 
the block i#ith a nuzzle velocity of AOO m/sec. The bullet remainjs 
embedded ifi the 1»IoCk. What la the spee:^ with vhich the t.^ood block 
(with bullet emhed4e^S) is set into fflotlon* 



CllAPtfiR It) 



REVIEW PROBLKKS 

Al, A block moves horizontally vith & velocity of 2 ft/sec. Tts tfla?;s 
4 slugs. What is its momfintuiE? 

Al. An object of massf 2 kg tuoves to the right with a v^^lortry of A m/^tv^ 
another object of masa 4 kg moves to the left with a velocity of 2 m/sec. 
l^at is the tocal moiftentum of the system? 

A3# The momentum of a system is changing at the rate of 5 kg-a/sec* 
What is th«! magnitude of the net e>ccenial force exerted on the system^ 

A4. The total mass of a system ig 2 kg. The motnentuTB of the system is 
changing at the rate of 6 kg-t^/sec. What is the magnitude of the system' 
center of mass acceleration? 

Two objects attract each other, tut are not under the itifluetice of 
any other forces . Which of the following statementa is true? 
. A, the center of masa accelerates 

the center of masa may move at constant velocity 
C. th^ center of mass must be stationary 

a center of mass cannot be defined for Interacting particlea 
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A6, When a group of particles is subjected to external ftirces* the cen 
ter of mas$ moves afi though It were a partzcle subjected to the sum of 
all the external forcea. The tnass of this fictitious particle Is 
A, the average mass of th« gto^ip of particles 
a, the mass of the heaviest particle in the group 

C, the mass of the llght€!,^t particle i« the group 

D, the Bum of the masses of the particles in the group 
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REVIEW PROBLEMS 



A bod^ vi^ < msB of i leg tflide* dom a cnrv«d track vhich 10 
one quadtant of s cttcle of radium 1 n. If th« tracts 1« frictiotite^s and 

th« block starts from rest, what 
i« tba monentm of tte block at 
th« bottom of the track. 



] 



Four particlesr ^ch of naati 3 k^* ocm|^^ t1i« £out 
corttara of a A m )t 4 n squara as <hown in the diagtaa* Each particle ia 
Eunring with « speed of 10 n/aec in ttie direction ahom in the diagrast 




(a) Locate th« coordinates of the c^ar of ttaaa of thA four-^^rticla 
aysttt in tha coordltiat« aystam abotm in the disgram^ 

(b) Calaulata the velocity of the center of oaea of this ayetoa* 
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63 A force of con«£aitt direction .glir«ii by 

F - I Ict^ nt (k - 8 nt/wc^) 

10 &/gec. Find the ocvenCtflL of the Particle a£ £h« end of 3 seGonds. 



A micletu^ orl£lofilly At r«ati decays irA^ioAc£iv«ly by «al££lng 
M ele<:£ron o£ mottaiLCun 9«22 ^ 10*^^ gm"C&/««€^, ami at rl^ht angles to the 
ditecttott of tha alactron a nautrlna with momenUim 5.33 ^ JCT** gpi-cra/««c. 
What is the magnitude of the wmentm of the reslduaX nucleus? 



ANSWERS TO COMPETENCE CHECKS 
10*1 8.9 kg-tn/sec 
lO-Z A 

10-3 150 kg--itt/se<^^ 
10-4 1:99 m/aec 



frictionle^s systms* that rhe motion or vtbraEion can coi^tinue fcr 
an infinite ^Juration. Such motion is termed ^ndafsped . In any re«I tae^., 
howev^r^ friction is present, anti so the motion dficreas^^ ^tid ^vfent«aliy 
vAolstiefl, Such motipEi Is tenae^J damped . This differen<:e is illuscrated 
in the figures below* 
% 




Undamped 



Damped 



There are other quantiflfea associated with siinple hattftonlc Motion. 
The first is digpXacement , the actual displacement oi the particle fiom 
the origin, DispXaceroent vari«R with tito^, and may be positive or nega- 
tive. The 9«cond is the amplitude f A> , which is the ihagnitude cf the 
maximum displacement, Amplitude always has a nneitive value* The <|iian' 
titled in SHM arc most ea&ily visualized when displacement versus time 
Is tii^ttedt rahown in the following diagram. 
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The followiag probletns are exercises in the definitions of aBpl5- 
tud^T displacement, frfl!qu<»r^cy aiiid pifrrioci* and In the relation betvcCT 
fre<|uency and Period, 



PM>BLEM 



X (cm}' 




the graph de£»crib«s the tnotlon of a particle in that it showa the 
dlcpXacemenC x as a functicm of time* ]Fro» the graph» what is the 
ainpXltudep frequency* and displaciMrtent at t: * 15 secoiwis? 
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The shows d motifvn which is periodic ; l*^.^ on« which repeats 

Itself at regular Intervals. In a<3dition it can be a^acrihea hy .1 simple 
trigonometric function— the alne function*-artd crhws the motion is el^Ele 
harB)o alc . The maximum ^Jtcurslon irom e<5uillbrlam is 3 cm, and thus the 
aiBpilttnie is 1 cm. The Ttiotlon repeats ltf?«l£ every 20 seconds; the 
period, or perlo^Sic time, t. Is 20 ^^cands. The reciprocal of the 
t^eriod is th^ frequeT^cy v, aud this cfli^e 

V » i/T » 1/20 s^c^'^ * ^05 Ha 

The dlspiac^nt is found ftom th« ^raph at r « seconds e^u^U 
-3 cm. 



1« Th« following grap3i9 ^hcw tha displacement at a p4ii:tJ{!.^e as a 
function of time* Which one 1* executing periodic motion* 






5 



The correct ansvar is 

Tb« nctioiT repeats itself at regular Intervals an<I so is periodic 

A - INCORRECT - »i>tic*! that th^e vil?ratlt>n t$ dticaying— no peak U as 
high as a previous tme, and thu£ the motion fievar repieats itself. It 
therefore cannot ht periodic ixi the strict sense of our defiftiticn* 
$Ktch motion is often qaallfittd as tong gd petriodit motion* 

B - ItaCOitllECT - the motion is a asymptotic de^^ay to stero. Ic do^s 
HOC repeat atnj therefcjre cannot be periodic. 

D - ItJCOERECT - Sctice th^ time intervals b^tweeti th^ instances where 
the line crosses the jt axis, they are eonetantly increai^ing^ and thu3 
th« motion does not have regularity. It can&ot be periodic. 



2, the f<>Xl<wlng 8t4(>hs show the motion of a particle as a function 
of time* Which one describes 5 particle executing sinipX« harmonic 



X 
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soLimoar 




B is a sine curve; since SHM ia descrlbabl& in lArms either a single 
sine or cosine function* the notion is simple haiffonlc, 

C ^ IKCORRECT - In oxder that the tttotion be sinplJ hatmoalc motion^ 
it should b« expresfiibXe in terms of a single sine or cosine tern. 
This ia obviously not the case^ and so the motiott cariitot be simple 
harmonic^ 

D - INCORRECT - This curve Is a decreasing or decaying or a da i s pj^jj sinsi 
carve, the motion nevfer truly repeats, and so technically the motion is 
not periodic. Xt is termed daio^ed slii^le hanoonic motion. 



CC^ETSKCE CHECK (50-1) 

/ X 




For tM Above graph shovitig tkixxpl^ harmonic wtion, what is thA period? 
Uhot ere the frequency* w^Iitude^ and dlaplftce^eot at t « 3 seccm«Ut 



5 0-2 The Equation of Motion of a 5Ampl€ Harwonic Csctllator 

Figure 1 a masd is attached to a light (massleas) elastic spring 
that ±e, one that escertB a restoring force which ia proportional to the 
displac«cs«nt , Such a system execntea simple harmonic inotion, as is itidi 
cated in the diagram^ 




It U possible to describe thia Biotion analytically by the use of Newton' 
second law of motion and by Hooke's law, which relates the deformation 
of the Spring to the force of restoration e^certed by the spring* 

Tho strategy u very straight forward* KTrite ffewton's second law 
for the mass, and realize that the force tem in the second law is sup- 
plied by the spring* this equation is 

™ dt^ * "fc^ 
or, upon rearranging, 
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where 

ITie ijuanticy tu ig called the angular freqiijency of the motion for reasons 
which vlll be tna4e apparent in the problenis. 

One may vonder why the force due to gravity, -mg, is not included 
in the farce term since we have considered a spring which Is suspended 
vertically* The reason la that x is a displacement of the moss frcm an 
^ulllbrium position which already includes th& ejctension due to gravity. 
To see thie, call the total displacement y and write the second 

law: 

m ' '^fey ntg 

If We make a simple substitution 

y OP X - «B/k 
the differential etjuation becotne^ 

which Is our original equation. The difference^ thetefotep between total 
displacement y and displaceiaent from equilibrium x ig e constant. 

The problems which follow pertain to the derivation and solution of 
the equation of motion for a simple harrnonlc oscillator. 
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In ttie diagram* a weight of 2 newtons is attached to a spring* and the 
extension is observed to be 0,2 meters. S<fXt the weight ie replaced by 
a 2 kg mass and ths mad£!-sprin^ combination is caused ts> vibrate* Find 
the angular fre^luency of the vibration and write the equation of motion 
for this system. 



The spiiTig constant k ig detemined by equating the force, lex, due to the 
apri!xg*s elongation to the weight; 

m) - 2 nt 

It 10 nt/m 

Ifov the angular frequency (a u found for this spring vlth an attached 
2 kg iaad£» 
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Newton's second law, T - m^, as applied to the oscillator is 



where X is the dlsplacenient from etjulllbrium; the restoring forc^ is 
-ksc, the minus sign implying that the force ^^jppXied l^y the spring is 
always opposite to the displacement- 




The statemnt of the law may be written as 

d^x , 

di2 + - 0 

where ii> - v'^TJn^. In the present case, this is 



4^ 5 X « 0 
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ENABLING PROBLEtf 

I* In the oscillator shown^ the spring has a spring conscant 




m 



Whfitt X is the displacement of the spring, the reatorln& force as d&te 
mined by Hookers Jaw is 

A* kx 

1/2 kx^ 



SOLlfriOK 

The restoring force Is <3irect;ed opposite to the dispUceaent atid is 
proportional to it. Thus the restoring force must be equal to the 
negative (implyi^^g restoring) of a constant multiplied by displacement 
i.e. , P ^ "kx. 
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COMPETENCE CHECK - (SO-2) 

A weight is attached to the enti of a vertically suapen^Jed apriag. 
The extension caused by th^ weight is 1,23 meterSn The same weight is 
then suspended by two spring identical to the firar* as nhovn in the 
diagram* Find Che angular frequency of vlbratlcn for the double-^spririR 
svstem and write che equatlot; of motion. 




PHOSLEM 

A simple hamonic oscillator has a vibrating mass m anil the spring 
constant k* ^rlte ^ general B<jl\jition to the equation of motion and 
show that angular frequency dj ^nd petlod T are related by 



SOLUTIOK 

The e(j«ation of motion for the oscillator Is 

The equation is stJcond order^ homogeneous and with constant coefficients* 
The solution to rhe equation mu«t have tvo arbitrary conetaiits, and it 
is krtown th^t the solution Is 

X * A sln(it>T + iS) 

where A and * are athltrary coi\stants* 
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You may verify that this is Indeed a solution by differentiating twice 
with respect to time, and substituting in th$ e<jLiation of motion* 

The solution may be transf otaied to another fc^nn by using the trigone- 
metric identity 

sin (a + * sin ot COB & + cos a sin 6 
Let « wt and ^ = ^, an^ so obtain 

A sin (u.± + 6) * A &in wt cos i5 + A ct)$ 'x^t sin 5 (2) 
Mow define constants B ^nd C 50 that 

B « A cos 5 

an^ 

C =^ A fiin i 

Ec^uation (2) then becomes 

A Bin {ii>t + 6) sin + C sin ^iJt 

Notice that the righthand side of this result is e<iual to x as shown 
by Equation <1) : 

X ^ B bin tot H C co8 wt (3) 

Equations (1) and (3) are equivalent fonas lor the general solution of 
the hamaonic oacillator eauatlon- The motion is simple hannonlc because 
it can be described by a single sine function ^s ^e^n in Equation (I), 
The relation between (jo and T can be found from the f^ct that the value 
of the sine function Is unchanged by advancing the angle by Ztt^ 

9ln9 ^ 9in<0 + In) 

When time t advances by one period T, the value of k must be unchanged: 

X * sinfujt + 6) * sin(<i^It + T] + 

The argi]ffnent of the rightmost alna function is larger than the other 
arguifient by wT. In order for both sine functions to he e^iual, 'j>T must 
equal 2k : 

This iTtjportant relation is forflially identical to the defining equation 
fot angular frequency in rotational motion. 



COMPETENCE CHECK - (50-5) 

A simpie hamopic oscillator lias angular fre<iuency Writii the 
general solution to the equation of moticn in two forms; as a single 
aina function. And &b the sum of Bines and cosine functions. Find a 
relation between and the period of the niotion T» 



PROBLEM 



^/o OBClllatoi^s are constmctfrd ualog eqtwil massea m flnd Identical 
ai^rings of constant tt. Nwt* one of the springs I3 cut In half and so 
the value of k lat alterft^I. Call the oscillator with the long spring; A 
and the one with the short spring E« How are their fre<}uencles related? 



SOLUTIOK 

Frosi (»^r »- 2ir» we obtain 



therefore 



90 



I 



V « A «p 

T M 



19DWt wh«n a spring If cut in half » the spring constant o{ each halt 
is double that ot the Whole spring. (It talcea twiee as much force to 
cause Unit extension.) 

UsltiR the relation « 2k^» we obtain 



CHAPTER 50 



15 



1. The graph shows the «iongation of a spring versus the load placed 
on it. The spring constant k Is 




dttptactnmif (c m } 

A. 10^ nt/m 
B- -10^ nt/m 
C. iO Dt/m 

6,25 X io"^ nt-»^ 



SOLUTION 

Ihe spring constant k is th« loa^ per unit extension, or the proportion- 
ality between ioad and extension* Thkis 



5 cm * 5 X 10-2^ ffl 



2. A lO-kg mags is attached to a spring of spring constant k ^ 10-^ nt/m. 
What Is the period of the oscillating dystep? 



SOLUTION 

The period t is det^mlncd by 

IfOW 

X ^ , 0.628 sec 



^. A Spring of coiutaac k i6 cut in H^lf* Th« sinriitg constant of 
«ach hal£ is 

A. K 
2k 

C. k/2 
4k 

Inline the spring to be stretched by a force so that th« extenaion 
is 1 This force la e^u^l to Each half Is scretch«d with an 
extension of 1/2 met«r. A force of double thi« v&Xu« is ne«4ed to 
stretch each half one meter. Therefore a half-^spring has double the 
spring constant a whol€ on^. 
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CiMPETENCE CHECK - 50-4 

Two oscllUtort «lfi toafttructed using tt^al mtB^^ m and Identical 
9prii^ft, ^ch of spring eon«c«nt ttt Naxtp one ot the springs I3 
shortened by cutting it ami dlaCErdlng 3/4 of its length- tf the 
oscillator with tb« Spring I9 Cftlled A* and the othAt U Bt th« 
fre^cnclcfi are toUtcd by 

At Vj^ ^ 2Vg 
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50-3 The Aat^lltude the Kiase Angle 

The generaX fio^utlon to the &.imple harmo&lc ^Udtlon of motion Is 
X « A fiin (^t + «) (i) 
In order tor this exi^reSfilon to apply to ^ specific o^clilator^ numerical 
values mst be assigned to the paraneters and ^. tfe will see that 

aftguUr frequency has a definite v0jtu^ for a given oscillator, but the 
constants A and ^ arc different for different Initial condltlwts of the 
same oscillator. 

In th« dlagr^, eilsplace^ttent x is \ lotted on the ordinate ^Is^ and 
time Is Plotted on the abscissa* The angular frequency ^ la detar^ 
mined hy th« physical ccmetants of tbe oscillator; in particular, should 
the oscillator cottpriae a maB« Q and ^ spring with constant then u is 
uniquely Hxed as 

for that oscilUtor* 

Ai^lltude A is defined ^ the maximwa dldplecenent of the oscll* 
Utor, and is aluays a positive quantity. The aai>litude 1b not fixed 
for a given oscillator, but is at the disposal of ctie experliaenter v^o 
may Impart ^ latga or eaall amplitude at will. Amplitude la depicted in 
the diagram as the maximum height of the $lne curve. 
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The Constant ^ is vatiotialy tQimd th^ ^haye constant > phaae aniflg * 
or «lBply ph&a^ . Ult« amplitude ^ phase is amther arbitrary constant- 
of integratioit (a second order difffisretttial e^uAticm lausc have two) and 
merely describes the state of the inotion at the inaWnt tha ^xperlttenter 
started the time-^c:l>^U (t 0) . £ too is at tha experlm^tit^r'd ^ispodal* 
md it too doejs not affect the frequency. 

The prctbleas belew require a kaovledjee of th6 badic displacement 
^nation (i) in or4er to recogniae or calculate amplitude, phase* and 
frequency . 

A laimj^ie harmonic oscillator is released frotn re«t at a displacement 
of 3 cm. The angular frequiancy of the oecillacor ia radiana/sec* 
what is the diaplacement of the oacillatot after Z aecondc? 



CHAPTER 50 



20 



SOLUTION 

An Expression for the tilsplaceiiiettt of a singXe harmonic oscillator Is: 



X » A slii(ait + 5) (1) 

la order to find the amplitude A and ph^^ angle ^, ve eJtprese the 
Initial conditions (the conditions at t » 0) in e(|uation forflJ! 

initial displacement 3 * A. sin5 (2) 

initial velocity 0 = Am cost^ (3) 



The last expression for velocitj? Is obtained by differentiating x with 
tfe&T>ect to ti«c, 

V » dx/dt * Alj cos(u>t + fi> 
and then setting time to aero- 
Equations (2) and (3) can be solv^ for tvo unlc^owns, A and 6. From e^iua- 
tloQ (2) we see A cannot be zero; 

0 « coafi 
Thi5 is satisfied 

« W2 (^) 
Putting thl$ \ralue iato , we have 

3 * A gLnTT/2 

or 

3 A (5) 

Putting the values A, 6, and i»> into Eq. <l> gives irn expression for the 
displacement of the oscillator (in centinieteis) at any tijee in its historyi 

X ^ 3 sIhCtfA t + Tr/2) 
For the casfe at hand, 

t * 2 sac 
and obtairi 

X (at two seconds) - 3 ^Icifr 
" 3 cm 
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ENABItNG PROBLEM 

Find AH expression for the velocity of a simple hamotilc oscillator 
which is governed by the displacement relation 

X * A Biti{ii»t + 6) 



SOLUTION 

This is an exercise in differentiation* Hecall the simple formula 



In this case ^ 



aruf 



Finally » 



V = an/dt 



A ~ slnu 



» A cofi^ 
« AilJ cos(4t)t + (5) 



COMPETENCE CHECK - (50-5) 

A simple hartoonic oscillator has an angular frequency of ^/^ tadjans/ 
sec* Initially^ It is at the ©(i^i llbrluro position (x « 0> and moving with 
velocity TT ft/sec. Find the position of this osciilator after two seconds 
hmre elapsed. 



mi EM PKOBLEMS 

Al, Define periodic motion. 

A2. Define frecjuency of osclllatioti. 

A3, define simple harmonic motion. 

A4h Define aittplitu<je of simple haTnonlc wn^tiori. 

A5, The OTtiilibrium position of any oscillator is 

A. the maxlBus) displdCEtoent 

B* the point at which iiet force is zero 

Ch the poflitlon at vhlch speed Is least 

D. always the desatral point of the motion 
A6. Wliat kind of force causes a particle to execute simple hamonlc 
^notion? 
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REVIEW PROBLEMS 

Bl A particle executing simple harmonic motion vibrates with a period 
of I sec and ttie tnajtimum distance between any two points of the parti- 
cle's path is 4 cm, Fine! the amplitude and angular frequency of the 
motion* 



B2 a *5 kg mass oscillates wblle suspended from a spring with a spring 
constant of 2 nt/m. What Is the angular frequency of oscillation? 



B3 Write a general expr^ssioit for the displacement of a Sliuplt^ h^r- 
monlc oscillator and Identify the symbols uaed* 



An JsclUatotr with period 2 sec is constructed from 5 I meter 
spring, IJJhat length of spring should be discarded to reduce the period 

to I fiec? 



B5 Find the Velocity at t 3 sec of a siinple barmQnic oscillator 
governed by the displacement expression {in meters) 



X 5 3Ln(2t + ,28) 
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ANSWERS TO REVIEW PROBLEMS 
A5 B 

A6 A restoring force which Is proportional to the dlstpiacement of the 
particle from the etjailibriutn positicm. 



Bl 2 cnis 2^ radtan6/$ec 
B2 2 radians/sec 
B3 X ^ A sin(ujt + 6) 
X 1$ displac^ettt 
A is amplitude 
u} is Angular frequency 
t is time elapsed 
6 Is the phase constant 

B5 10 ni/sec 
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ANSWERS TO COMPEIESCE CHECKS 

50*1 4 sec, -25 H^, 2 cm, -2 cm 

50-2 4 radtans/sec, d^x/dt^ ^ 16x 0 

50-:^ X « & sinS2t + C cosfit^ x « A siii(J^t + ^) , where A, C» are 

arbitrary cotifitants 
50-A B 
50-5 t ft 
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